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(54) SURGICAL INSTRUMENT COMPRISING MEANS TO MEASURE A PHYSICAL PARAMETER

(57) Disclosed is a surgical end effector for usewith a
surgical instrument. The surgical end effector comprises
a jaw, and a staple cartridge seatable in the jaw. The
staple cartridge comprises a sensor array configured to
takemeasurements corresponding to a parameter asso-
ciated with a function of the surgical instrument, a pro-
cessor, and a memory storing program instructions. The

memory storing program instructions that, when exe-
cuted by the processor, cause the processor to perform
an initial calibration of the sensor array, determine an
initial adjustment to the measurements based on the
initial calibration, perform an in-use calibration of the
sensor array, and modify the initial adjustment based
on the in-use calibration.

EP
4
52
1
59
5
A
2

Processed by Luminess, 75001 PARIS (FR) (Cont. next page)



(52) Cooperative Patent Classification (CPC): (Cont.)
A61B 2090/038; A61B 2090/065; H02J 1/14;
H02J 7/0013; H02J 7/0044; H02J 2310/23;
H02J 2310/52; H02J 2310/60

2

EP 4 521 595 A2



3

1 EP 4 521 595 A2 2

Description

BACKGROUND

[0001] The present invention relates to surgical instru-
ments and, in various arrangements, to surgical stapling
and cutting instruments and staple cartridges for use
therewith that are designed to staple and cut tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various features of the embodiments described
herein, together with advantages thereof, may be under-
stood in accordance with the following description taken
in conjunction with the accompanying drawings as fol-
lows:

FIG. 1 is a perspective view of a surgical instrument
in accordance with at least one embodiment;
FIG. 2 is aperspective viewof a controller of a robotic
surgical system;
FIG. 3 is a perspective view of the robotic surgical
system of FIG. 2 comprising a plurality of robotic
surgical arms which each operably support a surgi-
cal instrument thereon;
FIG. 4 is a side view of a robotic surgical arm illu-
strated in FIG. 3;
FIG. 5 is a perspective view of a staple cartridge in
accordance with at least one embodiment;
FIG. 5A is an exploded view of the staple cartridge of
FIG. 5;
FIG. 5B is a perspective view of the distal end of the
staple cartridge of FIG. 5;
FIG. 5C is an elevational view of the distal end of the
staple cartridge of FIG. 5;
FIG. 6 is a schematic of a communications system
between a surgical instrument and a staple cartridge
in accordance with at least one embodiment;
FIG. 7 is a schematic of a communications system
between a surgical instrument and a staple cartridge
in accordance with at least one embodiment;
FIG. 8 is a schematic of a communications system
between a surgical instrument and a staple cartridge
in accordance with at least one embodiment;
FIG. 8A is a segment of the schematic of FIG. 8;
FIG. 8B is a partial perspective view of the surgical
instrument of FIG. 8 illustrated with some compo-
nents removed;
FIG. 8C is a partial perspective view of a cartridge
jawof thesurgical instrumentofFIG.8 illustratedwith
the staple cartridge removed;
FIG. 8D is a partial perspective view of the surgical
instrument of FIG. 8 illustrated in a closed, or
clamped, configuration;
FIG. 9 is a schematic of a communications system
between a surgical instrument and a staple cartridge
in accordance with at least one embodiment;
FIG. 10 is a schematic of a communications system

between a surgical instrument and a staple cartridge
in accordance with at least one embodiment;
FIG. 11 is a perspective view of a staple cartridge
positioned in a cartridge jaw in accordance with at
least one embodiment;
FIG.11A isapartial cross-sectional viewof thestaple
cartridge of FIG. 11;
FIG. 11B is a perspective view of the staple cartridge
of FIG. 11 removed from the cartridge jaw;
FIG. 11C is an exploded view of the staple cartridge
of FIG. 11;
FIG. 11D is a perspective view of a sled of the staple
cartridge of FIG. 11;
FIG. 12 is a perspective view of a staple cartridge in
accordance with at least one embodiment;
FIG. 13 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for optimizing sensor data collection, transmission,
and/or processing, in accordance with at least one
aspect of the present disclosure;
FIG. 14 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for optimizing sensor data collection, transmission,
and/or processing, in accordance with at least one
aspect of the present disclosure;
FIG. 15 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for optimizing sensor data collection, transmission,
and/or processing, in accordance with at least one
aspect of the present disclosure;
FIG. 16 is a simplified schematic diagram illustrating
various features of a surgical system, in accordance
with at least one aspect of the present disclosure;
FIG. 17 is a simplified schematic diagram illustrating
various features of a staple cartridge, in accordance
with at least one aspect of the present disclosure;
FIG. 18 is a table illustrating a correlation between a
sampling rate (S) of a sensor array and correspond-
ing values of a bandwidth capacity (B), a discharge
rate (D), anda remaining capacity (R), in accordance
with at least one aspect of the present disclosure;
FIG. 19 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for monitoring and addressing signal interference in
wireless power and/or data signal transmission, in
accordance with at least one aspect of the present
disclosure;
FIG. 20 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for transfer efficiency in wireless power transmis-
sion, in accordance with at least one aspect of the
present disclosure;
FIG. 21 illustrates an implementation of a first anten-
na circuit and a second antenna circuit of a wireless
transmission system of for power transfer between a
surgical instrument 1022 and a staple cartridge, in
accordance with at least one aspect of the present
disclosure;
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FIG. 22 illustratesanadjustable seriesRLC (resistor,
inductor, capacitor) circuit, in accordance with at
least one aspect of the present disclosure;
FIG. 23 illustrates an adjustable parallel RLC circuit,
in accordancewith at least one aspect of the present
disclosure;
FIG. 24 is a graph illustrating a resonant state of the
adjustable series RLC circuit 1130, in accordance
with at least one aspect of the present disclosure;
FIG. 25 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for improving power conservation or optimizing
power consumption by a staple cartridge, in accor-
dance with at least one aspect of the present dis-
closure;
FIG. 26 is a logic flow diagram of an algorithm 1150
depicting a control program or a logic configuration
for optimizing a wireless transmission of power an-
d/or data signal across a transmission system 1045,
in accordancewith at least one aspect of the present
disclosure;
FIG. 27 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for calibratingasensorarrayof asurgical instrument,
in accordancewith at least one aspect of the present
disclosure;
FIG. 28 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for modulating a control parameter of the surgical
instrument, in accordancewith at least one aspect of
the present disclosure;
FIG. 29 is a partial cross-sectional view of an end
effector including a staple cartridge and an anvil
separated by a stop member, in a closed configura-
tion of the end effector with no tissue therebetween,
in accordancewith at least one aspect of the present
disclosure;
FIG. 30 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for modulating a control parameter of the surgical
instrument, in accordancewith at least one aspect of
the present disclosure;
FIG. 31 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for modulating a sensor parameter of the sensor
array, in accordance with at least one aspect of the
present disclosure;
FIG. 32 is a logic flow diagram of an algorithm
depicting a control program or a logic configuration
for modulating a sensor parameter of the sensor
array, in accordance with at least one aspect of the
present disclosure;
FIG. 33 is a top schematic view of a staple cartridge,
in accordancewith at least one aspect of the present
disclosure;
FIG. 34 illustrates a diagram of a cartridge compris-
ing a plurality of sensors coupled to a control circuit
through a set of coils to transfer power and data

between the cartridge and a control circuit located
in an instrument housing, in accordancewith at least
one aspect of the present disclosure;
FIG. 35 illustrates a block diagram of a surgical
instrument configured or programmed to control
the distal translation of a displacement member, in
accordance with at least one aspect of the present
disclosure;
FIG. 36 illustrates a perspective view of an end
effector of a surgical stapling and cutting instrument,
in accordancewith at least one aspect of the present
disclosure;
FIG. 37 depicts an example tissue compression
sensor system, in accordance with at least one as-
pect of the present disclosure;
FIGS. 38A and 38B are schematic illustrations of a
tissue contact circuit showing the completion of the
circuit upon contactwith tissue apair of spacedapart
contact plates, in accordance with at least one as-
pect of the present disclosure;
FIG. 39 is a schematic illustration of a surgical in-
strument comprising a sensor monitoring and pro-
cessing circuit, in accordance with at least one as-
pect of the present disclosure;
FIG. 40 is a schematic illustration of a portion of an
end effector comprising an anvil and staple cartridge
including sensor arrays, in accordance with at least
one aspect of the present disclosure;
FIG. 41 is a partial cutaway view of the cartridge of
FIG. 40 comprising a plurality of independently ad-
dressable sensors, in accordance with at least one
aspect of the present disclosure;
FIG. 42 illustrates a flow diagram of a method of
monitoring multiple sensors, in accordance with at
least one aspect of the present disclosure;
FIG. 43 illustrates a flow diagram of a method of
monitoring multiple sensors, in accordance with at
least one aspect of the present disclosure;
FIG. 44 illustrates a flow diagram of a method of
monitoring multiple sensors, in accordance with at
least one aspect of the present disclosure;
FIG. 45 illustrates a flow diagram of a method of
monitoring multiple sensors, in accordance with at
least one aspect of the present disclosure;
FIG. 46 is an exploded view of an end effector
comprising a plurality of sensor arrays, in accor-
dance with at least one aspect of the present dis-
closure;
FIG. 47 is a schematic illustration of the first and
second sensor arrays positioned in the pan or retai-
ner of the cartridge base, the first and second sensor
arrays shown coupled to an electronic circuit, in
accordance with at least one aspect of the present
disclosure;
FIG. 48 illustrates a perspective view of a staple-
forming pocket of an anvil of including an electrically
conductivecircuit element, inaccordancewithoneor
more aspects of the present disclosure;
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FIG. 49 illustrates a perspective view of the staple-
forming pocket of FIG. 48 after the electrically con-
ductive circuit element has been severed by a staple
leg during proper formation of the staple leg, in
accordance with one or more aspects of the present
disclosure;
FIG. 50 illustrates a distal sensor plug comprising an
electronic circuit configured to monitor and process
signals from the first and second sensor arrays, in
accordance with at least one aspect of the present
disclosure; and
FIG. 51 is amethod ofmonitoring internal systems of
a staple cartridge to detect and trackmotion status of
cartridge components, in accordance with at least
one aspect of the present disclosure.

[0003] Corresponding reference characters indicate
corresponding parts throughout the several views. The
exemplifications set out herein illustrate various embodi-
ments of the invention, in one form, and such exempli-
fications are not to be construed as limiting the scope of
the invention in any manner.

DETAILED DESCRIPTION

[0004] Applicant of the present application also owns
the following U.S. Patent Applications that were filed on
even date herewith and which are each herein incorpo-
rated by reference in their respective entireties:

- U.S. Patent Application, entitled METHOD OF
POWERINGANDCOMMUNICATINGWITHASTA-
PLE CARTRIDGE; Attorney Docket No. EN-
D9295USNP1/200837‑1M;

- U.S. Patent Application, entitled METHOD OF
POWERINGANDCOMMUNICATINGWITHASTA-
PLE CARTRIDGE; Attorney Docket No. EN-
D9295USNP2/200837‑2M;

- U.S. Patent Application, entitled ADJUSTABLE
COMMUNICATIONBASEDONAVAILABLEBAND-
WIDTH AND POWER CAPACITY; Attorney Docket
No. END9295USNP3/200837‑3;

- U.S. Patent Application, entitled ADJUSTMENT TO
TRANSFER PARAMETERS TO IMPROVE AVAIL-
ABLE POWER; Attorney Docket No. EN-
D9295USNP4/200837‑4;

- U.S. Patent Application, entitled MONITORING OF
MULTIPLE SENSORS OVER TIME TO DETECT
MOVING CHARACTERISTICS OF TISSUE; Attor-
ney Docket No. END9295USNP6/200837‑6;

- U.S. Patent Application, entitled MONITORING OF
INTERNAL SYSTEMS TO DETECT AND TRACK
CARTRIDGE MOTION STATUS; Attorney Docket
No. END9295USNP7/200837‑7;

- U.S. Patent Application, entitled DISTAL COMMU-
NICATION ARRAY TO TUNE FREQUENCY OF RF
SYSTEMS; Attorney Docket No. EN-
D9295USNP8/200837‑8;

- U.S. Patent Application, entitled STAPLE CAR-
TRIDGE COMPRISING A SENSOR ARRAY; Attor-
ney Docket No. END9295USNP9/200837‑9;

- U.S. Patent Application, entitled STAPLE CAR-
TRIDGE COMPRISING A SENSING ARRAY AND
A TEMPERATURE CONTROL SYSTEM; Attorney
Docket No. END9295USNP10/200837‑10;

- U.S. Patent Application, entitled STAPLE CAR-
TRIDGE COMPRISING AN INFORMATION AC-
CESS CONTROL SYSTEM; Attorney Docket No.
END9295USNP11/200837‑11;

- U.S. Patent Application, entitled STAPLE CAR-
TRIDGECOMPRISINGAPOWERMANAGEMENT
CIRCUIT; Attorney Docket No. EN-
D9295USNP12/200837‑12;

- U.S. Patent Application, entitled STAPLING IN-
STRUMENT COMPRISING A SEPARATE POWER
ANTENNA AND A DATA TRANSFER ANTENNA;
Attorney Docket No. END9295USNP13/200837‑13;

- U.S. Patent Application, entitled SURGICAL IN-
STRUMENT SYSTEM COMPRISING A POWER
TRANSFER COIL; Attorney Docket No. EN-
D9295USNP14/200837‑14; and

- U.S. Patent Application, entitled STAPLING IN-
STRUMENT COMPRISING A SIGNAL ANTENNA;
Attorney Docket No. END9295USNP15/200837‑15.

[0005] Applicant of the present application also owns
the following U.S. Patent Applications that were filed on
October 29, 2020 and which are each herein incorpo-
rated by reference in their respective entireties:

- U.S. Patent Application Serial No. 17/084,179, en-
titled SURGICAL INSTRUMENT COMPRISING A
RELEASABLE CLOSURE DRIVE LOCK;

- U.S. Patent Application Serial No. 17/084,190, en-
titled SURGICAL INSTRUMENT COMPRISING A
STOWED CLOSURE ACTUATOR STOP;

- U.S. Patent Application Serial No. 17/084,198, en-
titled SURGICAL INSTRUMENT COMPRISING AN
INDICATOR WHICH INDICATES THAT AN AR-
TICULATION DRIVE IS ACTUATABLE;

- U.S. Patent Application Serial No. 17/084,205, en-
titled SURGICAL INSTRUMENT COMPRISING AN
ARTICULATION INDICATOR;

- U.S. Patent Application Serial No. 17/084,258, en-
titled METHOD FOR OPERATING A SURGICAL
INSTRUMENT;

- U.S. Patent Application Serial No. 17/084,206, en-
titled SURGICAL INSTRUMENT COMPRISING AN
ARTICULATION LOCK;

- U.S. Patent Application Serial No. 17/084,215, en-
titled SURGICAL INSTRUMENT COMPRISING A
JAW ALIGNMENT SYSTEM;

- U.S. Patent Application Serial No. 17/084,229, en-
titled SURGICAL INSTRUMENT COMPRISING
SEALABLE INTERFACE;

- U.S. Patent Application Serial No. 17/084,180, en-
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titled SURGICAL INSTRUMENT COMPRISING A
LIMITED TRAVEL SWITCH;

- U.S. Design Patent Application Serial No.
29/756,615, Application entitled SURGICAL STA-
PLING ASSEMBLY;

- U.S. Design Patent Application Serial No.
29/756,620, entitled SURGICAL STAPLING AS-
SEMBLY;

- U.S. Patent Application Serial No. 17/084,188, en-
titled SURGICAL INSTRUMENT COMPRISING A
STAGED VOLTAGE REGULATION START-UP
SYSTEM; and

- U.S. Patent Application Serial No. 17/084,193, en-
titled SURGICAL INSTRUMENT COMPRISING A
SENSOR CONFIGURED TO SENSE WHETHER
AN ARTICULATION DRIVE OF THE SURGICAL
INSTRUMENT IS ACTUATABLE.

[0006] Applicant of the present application also owns
the following U.S. Patent Applications that were filed on
April 11, 2020 andwhich are each herein incorporated by
reference in their respective entireties:

- U.S. Patent Application Serial No. 16/846,303, en-
titledMETHODSFORSTAPLINGTISSUEUSINGA
SURGICAL INSTRUMENT, now U.S. Patent Appli-
cation Publication No. 2020/0345353;

- U.S. Patent Application Serial No. 16/846,304, en-
titled ARTICULATION ACTUATORS FOR A SUR-
GICAL INSTRUMENT, now U.S. Patent Application
Publication No. 2020/0345354;

- U.S. Patent Application Serial No. 16/846,305, en-
titled ARTICULATION DIRECTIONAL LIGHTS ON
A SURGICAL INSTRUMENT, now U.S. Patent Ap-
plication Publication No. 2020/0345446;

- U.S. Patent Application Serial No. 16/846,307, en-
titled SHAFT ROTATION ACTUATOR ON A SUR-
GICAL INSTRUMENT, now U.S. Patent Application
Publication No. 2020/03453549;

- U.S. Patent Application Serial No. 16/846,308, en-
titled ARTICULATIONCONTROLMAPPINGFORA
SURGICAL INSTRUMENT, now U.S. Patent Appli-
cation Publication No. 2020/0345355;

- U.S. Patent Application Serial No. 16/846,309, en-
titled INTELLIGENT FIRINGASSOCIATEDWITHA
SURGICAL INSTRUMENT, now U.S. Patent Appli-
cation Publication No. 2020/0345356;

- U.S. Patent Application Serial No. 16/846,310, en-
titled INTELLIGENT FIRINGASSOCIATEDWITHA
SURGICAL INSTRUMENT, now U.S. Patent Appli-
cation Publication No. 2020/0345357;

- U.S. Patent Application Serial No. 16/846,311, en-
titled ROTATABLE JAW TIP FOR A SURGICAL IN-
STRUMENT, now U.S. Patent Application Publica-
tion No. 2020/0345358;

- U.S. Patent Application Serial No. 16/846,312, en-
titled TISSUE STOP FOR A SURGICAL INSTRU-
MENT, now U.S. Patent Application Publication No.

2020/0345359; and
- U.S. Patent Application Serial No. 16/846,313, en-

titled ARTICULATION PIN FOR A SURGICAL IN-
STRUMENT, now U.S. Patent Application Publica-
tion No. 2020/0345360.

[0007] The entire disclosure of U.S. Provisional Patent
Application Serial No. 62/840,715, entitled SURGICAL
INSTRUMENT COMPRISING AN ADAPTIVE CON-
TROL SYSTEM, filed April 30, 2019, is hereby incorpo-
rated by reference herein.
[0008] Applicant of the present application owns the
following U.S. Patent Applications that were filed on
February 21, 2019 and which are each herein incorpo-
rated by reference in their respective entireties:

- U.S. Patent Application Serial No. 16/281,658, en-
titled METHODS FOR CONTROLLING A POW-
ERED SURGICAL STAPLER THAT HAS SEPA-
RATE ROTARY CLOSURE AND FIRING SYS-
TEMS, now U.S. Patent Application Publication
No. 2019/0298350;

- U.S. Patent Application Serial No. 16/281,670, en-
titled STAPLE CARTRIDGE COMPRISING A
LOCKOUT KEY CONFIGURED TO LIFTA FIRING
MEMBER, now U.S. Patent Application Publication
No. 2019/0298340;

- U.S. Patent Application Serial No. 16/281,675, en-
titled SURGICAL STAPLERS WITH ARRANGE-
MENTS FOR MAINTAINING A FIRING MEMBER
THEREOF IN A LOCKED CONFIGURATION UN-
LESS A COMPATIBLE CARTRIDGE HAS BEEN
INSTALLEDTHEREIN, nowU.S. Patent Application
Publication No. 2019/0298354;

- U.S. Patent Application Serial No. 16/281,685, en-
titled SURGICAL INSTRUMENT COMPRISING
CO-OPERATING LOCKOUT FEATURES, now
U.S. Patent Application Publication No.
2019/0298341;

- U.S. Patent Application Serial No. 16/281,693, en-
titled SURGICAL STAPLING ASSEMBLY COM-
PRISING A LOCKOUT AND AN EXTERIOR AC-
CESSORIFICETOPERMITARTIFICIALUNLOCK-
ING OF THE LOCKOUT, now U.S. Patent Applica-
tion Publication No. 2019/0298342;

- U.S. Patent Application Serial No. 16/281,704, en-
titled SURGICAL STAPLING DEVICES WITH FEA-
TURES FOR BLOCKING ADVANCEMENT OF A
CAMMING ASSEMBLY OF AN INCOMPATIBLE
CARTRIDGE INSTALLED THEREIN, now U.S. Pa-
tent Application Publication No. 2019/0298356; ‑
U.S. Patent Application Serial No. 16/281,707, en-
titled STAPLING INSTRUMENT COMPRISING A
DEACTIVATABLE LOCKOUT, now U.S. Patent Ap-
plication Publication No. 2019/0298347;

- U.S. Patent Application Serial No. 16/281,741, en-
titled SURGICAL INSTRUMENT COMPRISING A
JAW CLOSURE LOCKOUT, now U.S. Patent Appli-
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cation Publication No. 2019/0298357;
- U.S. Patent Application Serial No. 16/281,762, en-

titled SURGICAL STAPLINGDEVICESWITHCAR-
TRIDGE COMPATIBLE CLOSURE AND FIRING
LOCKOUTARRANGEMENTS, nowU.S.Patent Ap-
plication Publication No. 2019/0298343;

- U.S. Patent Application Serial No. 16/281,666, en-
titled SURGICAL STAPLING DEVICES WITH IM-
PROVED ROTARY DRIVEN CLOSURE SYS-
TEMS, now U.S. Patent Application Publication
No. 2019/0298352;

- U.S. Patent Application Serial No. 16/281,672, en-
titled SURGICAL STAPLING DEVICES WITH
ASYMMETRIC CLOSURE FEATURES, now U.S.
Patent Application Publication No. 2019/0298353;

- U.S. Patent Application Serial No. 16/281,678, en-
titled ROTARY DRIVEN FIRING MEMBERS WITH
DIFFERENT ANVIL AND CHANNEL ENGAGE-
MENT FEATURES, now U.S. Patent Application
Publication No. 2019/0298355; and

- U.S. Patent Application Serial No. 16/281,682, en-
titled SURGICAL STAPLING DEVICE WITH SEPA-
RATE ROTARY DRIVEN CLOSURE AND FIRING
SYSTEMS AND FIRING MEMBER THAT EN-
GAGES BOTH JAWS WHILE FIRING, now U.S.
Patent Application Publication No. 2019/0298346.

[0009] Applicant of the present application owns the
following U.S. Provisional Patent Applications that were
filed on February 19, 2019 and which are each herein
incorporated by reference in their respective entireties:

- U.S. Provisional Patent Application Serial No.
62/807,310, entitled METHODS FOR CONTROL-
LING A POWERED SURGICAL STAPLER THAT
HASSEPARATEROTARYCLOSUREANDFIRING
SYSTEMS;

- U.S. Provisional Patent Application Serial No.
62/807,319, entitled SURGICAL STAPLING DE-
VICES WITH IMPROVED LOCKOUT SYSTEMS;
and

- U.S. Provisional Patent Application Serial No.
62/807,309, entitled SURGICAL STAPLING DE-
VICES WITH IMPROVED ROTARY DRIVEN CLO-
SURE SYSTEMS.

[0010] Applicant of the present application owns the
following U.S. Provisional Patent Applications, filed on
March 28, 2018, each of which is herein incorporated by
reference in its entirety:

- U.S. Provisional Patent Application Serial No.
62/649,302, entitled INTERACTIVE SURGICAL
SYSTEMSWITHENCRYPTEDCOMMUNICATION
CAPABILITIES;

- U.S. Provisional Patent Application Serial No.
62/649,294, entitled DATA STRIPPING METHOD
TO INTERROGATE PATIENT RECORDS AND

CREATE ANONYMIZED RECORD;
- U.S. Provisional Patent Application Serial No.

62/649,300, entitled SURGICAL HUB SITUA-
TIONAL AWARENESS;

- U.S. Provisional Patent Application Serial No.
62/649,309, entitled SURGICAL HUB SPATIAL
AWARENESS TO DETERMINE DEVICES IN OP-
ERATING THEATER;

- U.S. Provisional Patent Application Serial No.
62/649,310, entitled COMPUTER IMPLEMENTED
INTERACTIVE SURGICAL SYSTEMS;

- U.S. Provisional Patent Application Serial No.
62/649,291, entitled USE OF LASER LIGHT AND
RED-GREEN-BLUE COLORATION TO DETER-
MINE PROPERTIES OF BACK SCATTERED
LIGHT;

- U.S. Provisional Patent Application Serial No.
62/649,296, entitled ADAPTIVE CONTROL PRO-
GRAM UPDATES FOR SURGICAL DEVICES;

- U.S. Provisional Patent Application Serial No.
62/649,333, entitled CLOUD-BASED MEDICAL
ANALYTICSFORCUSTOMIZATIONANDRECOM-
MENDATIONS TO A USER;

- U.S. Provisional Patent Application Serial No.
62/649,327, entitled CLOUD-BASED MEDICAL
ANALYTICS FOR SECURITY AND AUTHENTICA-
TION TRENDS AND REACTIVE MEASURES;

- U.S. Provisional Patent Application Serial No.
62/649,315,entitledDATAHANDLINGANDPRIOR-
ITIZATION IN A CLOUD ANALYTICS NETWORK;

- U.S. Provisional Patent Application Serial No.
62/649,313, entitled CLOUD INTERFACE FOR
COUPLED SURGICAL DEVICES;

- U.S. Provisional Patent Application Serial No.
62/649,320, entitled DRIVE ARRANGEMENTS
FOR ROBOT-ASSISTED SURGICAL PLAT-
FORMS;

- U.S. Provisional Patent Application Serial No.
62/649,307, entitled AUTOMATIC TOOL ADJUST-
MENTS FOR ROBOT-ASSISTED SURGICAL
PLATFORMS; and

- U.S. Provisional Patent Application Serial No.
62/649,323, entitled SENSING ARRANGEMENTS
FOR ROBOT-ASSISTED SURGICAL PLAT-
FORMS.

[0011] Applicant of the present application owns the
following U.S. Provisional Patent Application, filed on
March 30, 2018, which is herein incorporated by refer-
ence in its entirety:

- U.S. Provisional Patent Application Serial No.
62/650,887, entitled SURGICAL SYSTEMS WITH
OPTIMIZED SENSING CAPABILITIES.

[0012] Applicant of the present application owns the
following U.S. Patent Application, filed on December 4,
2018, which is herein incorporated by reference in its
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entirety:

- U.S. Patent Application Serial No. 16/209,423, en-
titled METHOD OF COMPRESSING TISSUE
WITHIN A STAPLING DEVICE AND SIMULTA-
NEOUSLY DISPLAYING THE LOCATION OF THE
TISSUE WITHIN THE JAWS, now U.S. Patent

[0013] Application Publication No. 2019/0200981.
[0014] Applicant of the present application owns the
following U.S. Patent Applications that were filed on
August 20, 2018 andwhich are each herein incorporated
by reference in their respective entireties:

- U.S. Patent Application Serial No. 16/105,101, en-
titled METHOD FOR FABRICATING SURGICAL
STAPLER ANVILS, now U.S. Patent Application
Publication No. 2020/0054323;

- U.S. Patent Application Serial No. 16/105,183, en-
titled REINFORCED DEFORMABLE ANVIL TIP
FORSURGICALSTAPLERANVIL, nowU.S.Patent
No. 10,912,559;

- U.S. Patent Application Serial No. 16/105,150, en-
titled SURGICALSTAPLERANVILSWITHSTAPLE
DIRECTINGPROTRUSIONS AND TISSUE STABI-
LITY FEATURES, nowU.S. Patent Application Pub-
lication No. 2020/0054326; ‑U.S. Patent Application
Serial No. 16/105,098, entitled FABRICATING
TECHNIQUES FOR SURGICAL STAPLER AN-
VILS, now U.S. Patent Application Publication No.
2020/0054322;

- U.S. Patent Application Serial No. 16/105,140, en-
titled SURGICAL STAPLER ANVILSWITH TISSUE
STOP FEATURES CONFIGURED TO AVOID TIS-
SUE PINCH, now U.S. Patent No. 10,779,821;

- U.S. Patent Application Serial No. 16/105,081, en-
titled METHOD FOR OPERATING A POWERED
ARTICULATABLE SURGICAL INSTRUMENT, now
U.S. Patent Application Publication No.
2020/0054320;

- U.S. Patent Application Serial No. 16/105,094, en-
titled SURGICAL INSTRUMENTS WITH PRO-
GRESSIVE JAW CLOSURE ARRANGEMENTS,
now U.S. Patent Application Publication No.
2020/0054321;

- U.S. Patent Application Serial No. 16/105,097, en-
titled POWERED SURGICAL INSTRUMENTS
WITH CLUTCHING ARRANGEMENTS TO CON-
VERT LINEAR DRIVE MOTIONS TO ROTARY
DRIVEMOTIONS,nowU.S.PatentApplicationPub-
lication No. 2020/0054328;

- U.S. Patent Application Serial No. 16/105,104, en-
titled POWEREDARTICULATABLE SURGICAL IN-
STRUMENTS WITH CLUTCHING AND LOCKING
ARRANGEMENTS FOR LINKING AN ARTICULA-
TION DRIVE SYSTEM TO A FIRING DRIVE SYS-
TEM, now U.S. Patent No. 10,842,492;

- U.S. Patent Application Serial No. 16/105,119, en-

titled ARTICULATABLE MOTOR POWERED SUR-
GICAL INSTRUMENTS WITH DEDICATED AR-
TICULATION MOTOR ARRANGEMENTS, now
U.S. Patent Application Publication No.
2020/0054330;

- U.S. Patent Application Serial No. 16/105,160, en-
titled SWITCHING ARRANGEMENTS FOR MO-
TORPOWERED ARTICULATABLE SURGICAL IN-
STRUMENTS,nowU.S.PatentNo.10,856,870;and

- U.S. Design Patent Application Serial No.
29/660,252, entitledSURGICALSTAPLERANVILS.

[0015] Applicant of the present application owns the
following U.S. Patent Applications and U.S. Patents that
are each herein incorporated by reference in their re-
spective entireties:

- U.S. Patent Application Serial No. 15/386,185, en-
titled SURGICAL STAPLING INSTRUMENTS AND
REPLACEABLE TOOL ASSEMBLIES THEREOF,
now U.S. Patent No. 10,639,035;

- U.S. Patent Application Serial No. 15/386,230, en-
titled ARTICULATABLE SURGICAL STAPLING IN-
STRUMENTS, nowU.S. Patent ApplicationPublica-
tion No. 2018/0168649;

- U.S. Patent Application Serial No. 15/386,221, en-
titled LOCKOUT ARRANGEMENTS FOR SURGI-
CAL END EFFECTORS, now U.S. Patent No.
10,835,247;

- U.S. Patent Application Serial No. 15/386,209, en-
titled SURGICAL END EFFECTORS AND FIRING
MEMBERS THEREOF, now U.S. Patent No.
10,588,632;

- U.S. Patent Application Serial No. 15/386,198, en-
titled LOCKOUT ARRANGEMENTS FOR SURGI-
CAL END EFFECTORS AND REPLACEABLE
TOOL ASSEMBLIES, now U.S. Patent No.
10,610,224;

- U.S. Patent Application Serial No. 15/386,240, en-
titled SURGICAL END EFFECTORS AND ADAP-
TABLE FIRING MEMBERS THEREFOR, now U.S.
Patent Application Publication No. 2018/0168651;

- U.S. Patent Application Serial No. 15/385,939, en-
titled STAPLE CARTRIDGES AND ARRANGE-
MENTS OF STAPLES AND STAPLE CAVITIES
THEREIN, now U.S. Patent No. 10,835,246;

- U.S. Patent Application Serial No. 15/385,941, en-
titled SURGICAL TOOL ASSEMBLIES WITH
CLUTCHING ARRANGEMENTS FOR SHIFTING
BETWEENCLOSURESYSTEMSWITHCLOSURE
STROKE REDUCTION FEATURES AND ARTICU-
LATION AND FIRING SYSTEMS, now U.S. Patent
No. 10,736,629;

- U.S. Patent Application Serial No. 15/385,943, en-
titled SURGICAL STAPLING INSTRUMENTS AND
STAPLE-FORMING ANVILS, now U.S. Patent No.
10,667,811;

- U.S. Patent Application Serial No. 15/385,950, en-
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titled SURGICAL TOOL ASSEMBLIES WITH CLO-
SURE STROKE REDUCTION FEATURES, now
U.S. Patent No. 10,588,630;

- U.S. Patent Application Serial No. 15/385,945, en-
titled STAPLE CARTRIDGES AND ARRANGE-
MENTS OF STAPLES AND STAPLE CAVITIES
THEREIN, now U.S. Patent No. 10,893,864;

- U.S. Patent Application Serial No. 15/385,946, en-
titled SURGICAL STAPLING INSTRUMENTS AND
STAPLE-FORMING ANVILS, now U.S. Patent Ap-
plication Publication No. 2018/0168633;

- U.S. Patent Application Serial No. 15/385,951, en-
titled SURGICAL INSTRUMENTS WITH JAW
OPENING FEATURES FOR INCREASING A JAW
OPENING DISTANCE, now U.S. Patent No.
10,568,626;

- U.S. Patent Application Serial No. 15/385,953, en-
titled METHODS OF STAPLING TISSUE, now U.S.
Patent No. 10,675,026;

- U.S. Patent Application Serial No. 15/385,954, en-
titled FIRING MEMBERS WITH NON-PARALLEL
JAWENGAGEMENT FEATURES FORSURGICAL
END EFFECTORS, now U.S. Patent No.
10,624,635;

- U.S. Patent Application Serial No. 15/385,955, en-
titled SURGICAL END EFFECTORS WITH EX-
PANDABLE TISSUE STOP ARRANGEMENTS,
now U.S. Patent No. 10,813,638;

- U.S. Patent Application Serial No. 15/385,948, en-
titled SURGICAL STAPLING INSTRUMENTS AND
STAPLE-FORMING ANVILS, now U.S. Patent Ap-
plication Publication No. 2018/0168584;

- U.S. Patent Application Serial No. 15/385,956, en-
titled SURGICAL INSTRUMENTSWITH POSITIVE
JAW OPENING FEATURES, now U.S. Patent No.
10,588,631 ;

- U.S. Patent Application Serial No. 15/385,958, en-
titledSURGICAL INSTRUMENTSWITHLOCKOUT
ARRANGEMENTS FOR PREVENTING FIRING
SYSTEM ACTUATION UNLESS AN UNSPENT
STAPLE CARTRIDGE IS PRESENT, now U.S. Pa-
tent No. 10,639,034;

- U.S. Patent Application Serial No. 15/385,947, en-
titled STAPLE CARTRIDGES AND ARRANGE-
MENTS OF STAPLES AND STAPLE CAVITIES
THEREIN, now U.S. Patent No. 10,568,625;

- U.S. Patent Application Serial No. 15/385,896, en-
titled METHOD FOR RESETTING A FUSE OF A
SURGICAL INSTRUMENTSHAFT,nowU.S.Patent
Application Publication No. 2018/0168597;

- U.S. Patent Application Serial No. 15/385,898, en-
titled STAPLE-FORMING POCKET ARRANGE-
MENT TO ACCOMMODATE DIFFERENT TYPES
OF STAPLES, now U.S. Patent No. 10,537,325;

- U.S. Patent Application Serial No. 15/385,899, en-
titled SURGICAL INSTRUMENT COMPRISING IM-
PROVED JAW CONTROL, now U.S. Patent No.
10,758,229;

- U.S. Patent Application Serial No. 15/385,901, en-
titled STAPLE CARTRIDGE AND STAPLE CAR-
TRIDGECHANNELCOMPRISINGWINDOWSDE-
FINED THEREIN, now U.S. Patent No. 10,667,809;

- U.S. Patent Application Serial No. 15/385,902, en-
titled SURGICAL INSTRUMENT COMPRISING A
CUTTING MEMBER, now U.S. Patent No.
10,888,322;

- U.S. Patent Application Serial No. 15/385,904, en-
titled STAPLE FIRING MEMBER COMPRISING A
MISSING CARTRIDGE AND/OR SPENT CAR-
TRIDGE LOCKOUT, now U.S. Patent No.
10,881,401;

- U.S. Patent Application Serial No. 15/385,905, en-
titled FIRING ASSEMBLY COMPRISING A LOCK-
OUT, now U.S. Patent No. 10,695,055;

- U.S. Patent Application Serial No. 15/385,907, en-
titled SURGICAL INSTRUMENT SYSTEM COM-
PRISING AN END EFFECTOR LOCKOUT AND A
FIRING ASSEMBLY LOCKOUT, now U.S. Patent
Application Publication No. 2018/0168608;

- U.S. Patent Application Serial No. 15/385,908, en-
titled FIRING ASSEMBLY COMPRISING A FUSE,
now U.S. Patent Application Publication No.
2018/0168609;

- U.S. Patent Application Serial No. 15/385,909, en-
titled FIRING ASSEMBLY COMPRISING A MULTI-
PLE FAILED-STATE FUSE, now U.S. Patent Appli-
cation Publication No. 2018/0168610;

- U.S. Patent Application Serial No. 15/385,920, en-
titled STAPLE-FORMING POCKET ARRANGE-
MENTS, now U.S. Patent No. 10,499,914;

- U.S. Patent Application Serial No. 15/385,913, en-
titled ANVIL ARRANGEMENTS FOR SURGICAL
STAPLERS, now U.S. Patent Application Publica-
tion No. 2018/0168614;

- U.S. Patent Application Serial No. 15/385,914, en-
titled METHOD OF DEFORMING STAPLES FROM
TWO DIFFERENT TYPES OF STAPLE CAR-
TRIDGESWITHTHESAMESURGICALSTAPLING
INSTRUMENT, now U.S. Patent Application Publi-
cation No. 2018/0168615;

- U.S. Patent Application Serial No. 15/385,893, en-
titled BILATERALLY ASYMMETRIC STAPLE-
FORMING POCKET PAIRS, now U.S. Patent No.
10,682,138;

- U.S. Patent Application Serial No. 15/385,929, en-
titled CLOSUREMEMBERSWITHCAMSURFACE
ARRANGEMENTS FOR SURGICAL INSTRU-
MENTS WITH SEPARATE AND DISTINCT CLO-
SURE AND FIRING SYSTEMS, now U.S. Patent
No. 10,667,810;

- U.S. Patent Application Serial No. 15/385,911, en-
titled SURGICAL STAPLERS WITH INDEPEN-
DENTLY ACTUATABLE CLOSING AND FIRING
SYSTEMS, now U.S. Patent No. 10,448,950;

- U.S. Patent Application Serial No. 15/385,927, en-
titledSURGICALSTAPLING INSTRUMENTSWITH
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SMART STAPLE CARTRIDGES, now U.S. Patent
Application Publication No. 2018/0168625;

- U.S. Patent Application Serial No. 15/385,917, en-
titled STAPLE CARTRIDGE COMPRISING STA-
PLESWITH DIFFERENT CLAMPING BREADTHS,
now U.S. Patent Application Publication No.
2018/0168617;

- U.S. Patent Application Serial No. 15/385,900, en-
titled STAPLE-FORMING POCKET ARRANGE-
MENTS COMPRISING PRIMARY SIDEWALLS
AND POCKET SIDEWALLS, now U.S. Patent No.
10,898,186;

- U.S. Patent Application Serial No. 15/385,931, en-
titled NO-CARTRIDGE AND SPENT CARTRIDGE
LOCKOUT ARRANGEMENTS FOR SURGICAL
STAPLERS, now U.S. Patent Application Publica-
tion No. 2018/0168627;

- U.S. Patent Application Serial No. 15/385,915, en-
titled FIRING MEMBER PIN ANGLE, now U.S. Pa-
tent No. 10,779,823;

- U.S. Patent Application Serial No. 15/385,897, en-
titled STAPLE-FORMING POCKET ARRANGE-
MENTS COMPRISING ZONED FORMING SUR-
FACEGROOVES,nowU.S.PatentApplicationPub-
lication No. 2018/0168598;

- U.S. Patent Application Serial No. 15/385,922, en-
titled SURGICAL INSTRUMENT WITH MULTIPLE
FAILURE RESPONSE MODES, now U.S. Patent
No. 10,426,471;

- U.S. Patent Application Serial No. 15/385,924, en-
titled SURGICAL INSTRUMENT WITH PRIMARY
ANDSAFETYPROCESSORS, nowU.S.PatentNo.
10,758,230;

- U.S. Patent Application Serial No. 15/385,910, en-
titled ANVIL HAVING A KNIFE SLOT WIDTH, now
U.S. Patent No. 10,485,543;

- U.S. Patent Application Serial No. 15/385,903, en-
titledCLOSUREMEMBERARRANGEMENTSFOR
SURGICAL INSTRUMENTS, now U.S. Patent No.
10,617,414;

- U.S. Patent Application Serial No. 15/385,906, en-
titled FIRING MEMBER PIN CONFIGURATIONS,
now U.S. Patent No. 10,856,868;

- U.S. Patent Application Serial No. 15/386,188, en-
titled STEPPED STAPLE CARTRIDGE WITH
ASYMMETRICAL STAPLES, now U.S. Patent No.
10,537,324;

- U.S. Patent Application Serial No. 15/386,192, en-
titled STEPPED STAPLE CARTRIDGE WITH TIS-
SUE RETENTION AND GAP SETTING FEA-
TURES, now U.S. Patent No. 10,687,810;

- U.S. Patent Application Serial No. 15/386,206, en-
titled STAPLE CARTRIDGE WITH DEFORMABLE
DRIVERRETENTIONFEATURES,nowU.S.Patent
Application Publication No. 2018/0168586;

- U.S. Patent Application Serial No. 15/386,226, en-
titled DURABILITY FEATURES FOR END EFFEC-
TORS AND FIRING ASSEMBLIES OF SURGICAL

STAPLING INSTRUMENTS, nowU.S. Patent Appli-
cation Publication No. 2018/0168648;

- U.S. Patent Application Serial No. 15/386,222, en-
titled SURGICAL STAPLING INSTRUMENTS HAV-
INGENDEFFECTORSWITHPOSITIVEOPENING
FEATURES, now U.S. Patent Application Publica-
tion No. 2018/0168647;

- U.S. Patent Application Serial No. 15/386,236, en-
titled CONNECTION PORTIONS FOR DEPOSA-
BLE LOADINGUNITS FOR SURGICAL STAPLING
INSTRUMENTS, now U.S. Patent Application Pub-
lication No. 2018/0168650;

- U.S. Patent Application Serial No. 15/385,887, en-
titled METHOD FOR ATTACHING A SHAFT AS-
SEMBLY TO A SURGICAL INSTRUMENT AND,
ALTERNATIVELY, TO A SURGICAL ROBOT, now
U.S. Patent No. 10,835,245;

- U.S. Patent Application Serial No. 15/385,889, en-
titled SHAFT ASSEMBLY COMPRISING A MANU-
ALLY-OPERABLE RETRACTION SYSTEM FOR
USE WITH A MOTORIZED SURGICAL INSTRU-
MENT SYSTEM, now U.S. Patent Application Pub-
lication No. 2018/0168590;

- U.S. Patent Application Serial No. 15/385,890, en-
titled SHAFT ASSEMBLY COMPRISING SEPA-
RATELYACTUATABLEANDRETRACTABLESYS-
TEMS, now U.S. Patent No. 10,675,025;

- U.S. Patent Application Serial No. 15/385,891, en-
titledSHAFTASSEMBLYCOMPRISINGACLUTCH
CONFIGURED TO ADAPT THE OUTPUT OF A
ROTARY FIRING MEMBER TO TWO DIFFERENT
SYSTEMS, nowU.S. Patent Application Publication
No. 2018/0168592;

- U.S. Patent Application Serial No. 15/385,892, en-
titled SURGICAL SYSTEM COMPRISING A FIR-
ING MEMBER ROTATABLE INTO AN ARTICULA-
TION STATE TO ARTICULATE AN END EFFEC-
TOR OF THE SURGICAL SYSTEM, now U.S. Pa-
tent No. 10,918,385;

- U.S. Patent Application Serial No. 15/385,894, en-
titled SHAFT ASSEMBLY COMPRISING A LOCK-
OUT, now U.S. Patent No. 10,492,785;

- U.S. Patent Application Serial No. 15/385,895, en-
titled SHAFT ASSEMBLY COMPRISING FIRST
AND SECOND ARTICULATION LOCKOUTS, now
U.S. Patent No. 10,542,982;

- U.S. Patent Application Serial No. 15/385,916, en-
titled SURGICAL STAPLING SYSTEMS, now U.S.
Patent Application Publication No. 2018/0168575;

- U.S. Patent Application Serial No. 15/385,918, en-
titled SURGICAL STAPLING SYSTEMS, now U.S.
Patent Application Publication No. 2018/0168618;

- U.S. Patent Application Serial No. 15/385,919, en-
titled SURGICAL STAPLING SYSTEMS, now U.S.
Patent Application Publication No. 2018/0168619;

- U.S. Patent Application Serial No. 15/385,921, en-
titled SURGICAL STAPLE CARTRIDGEWITH MO-
VABLE CAMMING MEMBER CONFIGURED TO
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DISENGAGE FIRING MEMBER LOCKOUT FEA-
TURES, now U.S. Patent No. 10,687,809;

- U.S. Patent Application Serial No. 15/385,923, en-
titled SURGICAL STAPLING SYSTEMS, now U.S.
Patent Application Publication No. 2018/0168623;

- U.S. Patent Application Serial No. 15/385,925, en-
titled JAW ACTUATED LOCK ARRANGEMENTS
FORPREVENTINGADVANCEMENTOFAFIRING
MEMBER IN A SURGICAL END EFFECTOR UN-
LESSANUNFIREDCARTRIDGE IS INSTALLED IN
THE END EFFECTOR, now U.S. Patent No.
10,517,595;

- U.S. Patent Application Serial No. 15/385,926, en-
titled AXIALLYMOVABLECLOSURESYSTEMAR-
RANGEMENTS FOR APPLYING CLOSURE MO-
TIONS TO JAWS OF SURGICAL INSTRUMENTS,
now U.S. Patent Application Publication No.
2018/0168577;

- U.S. Patent Application Serial No. 15/385,928, en-
titled PROTECTIVE COVER ARRANGEMENTS
FORAJOINT INTERFACEBETWEENAMOVABLE
JAW AND ACTUATOR SHAFT OF A SURGICAL
INSTRUMENT, now U.S. Patent Application Publi-
cation No. 2018/0168578;

- U.S. Patent Application Serial No. 15/385,930, en-
titled SURGICAL END EFFECTORWITH TWOSE-
PARATE COOPERATING OPENING FEATURES
FOR OPENING AND CLOSING END EFFECTOR
JAWS, now U.S. Patent Application Publication No.
2018/0168579;

- U.S. Patent Application Serial No. 15/385,932, en-
titled ARTICULATABLE SURGICAL END EFFEC-
TOR WITH ASYMMETRIC SHAFT ARRANGE-
MENT, now U.S. Patent Application Publication
No. 2018/0168628;

- U.S. Patent Application Serial No. 15/385,933, en-
titled ARTICULATABLE SURGICAL INSTRUMENT
WITH INDEPENDENT PIVOTABLE LINKAGE DIS-
TALOFANARTICULATIONLOCK, nowU.S.Patent
No. 10,603,036;

- U.S. Patent Application Serial No. 15/385,934, en-
titled ARTICULATION LOCK ARRANGEMENTS
FOR LOCKING AN END EFFECTOR IN AN AR-
TICULATED POSITION IN RESPONSE TO AC-
TUATION OF A JAW CLOSURE SYSTEM, now
U.S. Patent No. 10,582,928;

- U.S. Patent Application Serial No. 15/385,935, en-
titled LATERALLY ACTUATABLE ARTICULATION
LOCK ARRANGEMENTS FOR LOCKING AN
END EFFECTOR OF A SURGICAL INSTRUMENT
INANARTICULATEDCONFIGURATION, nowU.S.
Patent No. 10,524,789;

- U.S. Patent Application Serial No. 15/385,936, en-
titled ARTICULATABLE SURGICAL INSTRU-
MENTSWITH ARTICULATION STROKE AMPLIFI-
CATION FEATURES, now U.S. Patent No.
10,517,596;

- U.S. Patent Application Serial No. 14/318,996, en-

titled FASTENER CARTRIDGES INCLUDING EX-
TENSIONS HAVING DIFFERENT CONFIGURA-
TIONS, now U.S. Patent Application Publication
No. 2015/0297228;

- U.S. Patent Application Serial No. 14/319,006, en-
titledFASTENERCARTRIDGECOMPRISINGFAS-
TENER CAVITIES INCLUDING FASTENER CON-
TROL FEATURES, now U.S. Patent No.
10,010,324;

- U.S. Patent Application Serial No. 14/318,991, en-
titled SURGICAL FASTENER CARTRIDGESWITH
DRIVER STABILIZING ARRANGEMENTS, now
U.S. Patent No. 9,833,241 ;

- U.S. Patent Application Serial No. 14/319,004, en-
titled SURGICAL END EFFECTORSWITH FIRING
ELEMENT MONITORING ARRANGEMENTS, now
U.S. Patent No. 9,844,369;

- U.S. Patent Application Serial No. 14/319,008, en-
titled FASTENER CARTRIDGE COMPRISING
NON-UNIFORM FASTENERS, now U.S. Patent
No. 10,299,792;

- U.S. Patent Application Serial No. 14/318,997, en-
titled FASTENER CARTRIDGE COMPRISING DE-
PLOYABLE TISSUE ENGAGING MEMBERS, now
U.S. Patent No. 10,561,422;

- U.S. Patent Application Serial No. 14/319,002, en-
titled FASTENER CARTRIDGE COMPRISING TIS-
SUE CONTROL FEATURES, now U.S. Patent No.
9,877,721;

- U.S. Patent Application Serial No. 14/319,013, en-
titled FASTENERCARTRIDGEASSEMBLIES AND
STAPLE RETAINER COVER ARRANGEMENTS,
now U.S. Patent Application Publication No.
2015/0297233; and

- U.S. Patent Application Serial No. 14/319,016, en-
titled FASTENER CARTRIDGE INCLUDING A
LAYER ATTACHED THERETO, now U.S. Patent
No. 10,470,768.

[0016] Applicant of the present application owns the
followingU.S. Patent Applications thatwere filed on June
24, 2016 and which are each herein incorporated by
reference in their respective entireties:

- U.S. Patent Application Serial No. 15/191,775, en-
titled STAPLE CARTRIDGE COMPRISING WIRE
STAPLESANDSTAMPEDSTAPLES, nowU.S. Pa-
tent Application Publication No. 2017/0367695;

- U.S. Patent Application Serial No. 15/191,807, en-
titled STAPLING SYSTEM FOR USE WITH WIRE
STAPLESANDSTAMPEDSTAPLES, nowU.S. Pa-
tent No. 10,702,270;

- U.S. Patent Application Serial No. 15/191,834, en-
titled STAMPED STAPLES AND STAPLE CAR-
TRIDGES USING THE SAME, now U.S. Patent
No. 10,542,979;

- U.S. Patent Application Serial No. 15/191,788, en-
titled STAPLE CARTRIDGE COMPRISING OVER-
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DRIVEN STAPLES, now U.S. Patent No.
10,675,024; and

- U.S. Patent Application Serial No. 15/191,818, en-
titled STAPLE CARTRIDGE COMPRISING OFF-
SET LONGITUDINAL STAPLE ROWS, now U.S.
Patent No. 10,893,863.

[0017] Applicant of the present application owns the
followingU.S. Patent Applications thatwere filed on June
24, 2016 and which are each herein incorporated by
reference in their respective entireties:

- U.S. Design Patent Application Serial No.
29/569,218, entitled SURGICAL FASTENER, now
U.S. Design Patent No. D826,405;

- U.S. Design Patent Application Serial No.
29/569,227, entitled SURGICAL FASTENER, now
U.S. Design Patent No. D822,206;

- U.S. Design Patent Application Serial No.
29/569,259, entitled SURGICAL FASTENER CAR-
TRIDGE, now U.S. Design Patent No. D847,989;
and

- U.S. Design Patent Application Serial No.
29/569,264, entitled SURGICAL FASTENER CAR-
TRIDGE, now U.S. Design Patent No. D850,617.

[0018] Applicant of the present application owns the
following patent applications that were filed on April 1,
2016 and which are each herein incorporated by refer-
ence in their respective entirety:

- U.S. Patent Application Serial No. 15/089,325, en-
titled METHOD FOR OPERATING A SURGICAL
STAPLING SYSTEM, now U.S. Patent Application
Publication No. 2017/0281171;

- U.S. Patent Application Serial No. 15/089,321, en-
titled MODULAR SURGICAL STAPLING SYSTEM
COMPRISING A DISPLAY, now U.S. Patent No.
10,271,851;

- U.S. Patent Application Serial No. 15/089,326, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A DISPLAY INCLUDING A RE-ORIENTABLE
DISPLAY FIELD, now U.S. Patent No. 10,433,849;

- U.S. Patent Application Serial No. 15/089,263, en-
titled SURGICAL INSTRUMENT HANDLE ASSEM-
BLY WITH RECONFIGURABLE GRIP PORTION,
now U.S. Patent No. 10,307,159;

- U.S. Patent Application Serial No. 15/089,262, en-
titled ROTARY POWERED SURGICAL INSTRU-
MENT WITH MANUALLY ACTUATABLE BAILOUT
SYSTEM, now U.S. Patent No. 10,357,246;

- U.S. Patent Application Serial No. 15/089,277, en-
titled SURGICAL CUTTING AND STAPLING END
EFFECTOR WITH ANVIL CONCENTRIC DRIVE
MEMBER, now U.S. Patent No. 10,531,874;

- U.S. Patent Application Serial No. 15/089,296, en-
titled INTERCHANGEABLE SURGICAL TOOL AS-
SEMBLY WITH A SURGICAL END EFFECTOR

THAT IS SELECTIVELY ROTATABLE ABOUT A
SHAFT AXIS, now U.S. Patent No. 10,413,293;

- U.S. Patent Application Serial No. 15/089,258, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A SHIFTABLE TRANSMISSION, now U.S. Pa-
tent No. 10,342,543;

- U.S. Patent Application Serial No. 15/089,278, en-
titled SURGICAL STAPLING SYSTEM CONFIG-
URED TO PROVIDE SELECTIVE CUTTING OF
TISSUE, now U.S. Patent No. 10,420,552;

- U.S. Patent Application Serial No. 15/089,284, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A CONTOURABLE SHAFT, now U.S. Patent
Application Publication No. 2017/0281186;

- U.S. Patent Application Serial No. 15/089,295, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A TISSUE COMPRESSION LOCKOUT, now
U.S. Patent 10,856,867;

- U.S. Patent Application Serial No. 15/089,300, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
INGANUNCLAMPINGLOCKOUT, nowU.S. Patent
No. 10,456,140;

- U.S. Patent Application Serial No. 15/089,196, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A JAWCLOSURE LOCKOUT, now U.S. Patent
No. 10,568,632;

- U.S. Patent Application Serial No. 15/089,203, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A JAW ATTACHMENT LOCKOUT, now U.S.
Patent No. 10,542,991;

- U.S. Patent Application Serial No. 15/089,210, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A SPENT CARTRIDGE LOCKOUT, now U.S.
Patent No. 10,478,190;

- U.S. Patent Application Serial No. 15/089,324, en-
titled SURGICAL INSTRUMENT COMPRISING A
SHIFTING MECHANISM, now U.S. Patent No.
10,314,582;

- U.S. Patent Application Serial No. 15/089,335, en-
titled SURGICAL STAPLING INSTRUMENT COM-
PRISING MULTIPLE LOCKOUTS, now U.S. Patent
No. 10,485,542;

- U.S. Patent Application Serial No. 15/089,339, en-
titled SURGICAL STAPLING INSTRUMENT, now
U.S. Patent Application Publication No.
2017/0281173;

- U.S. Patent Application Serial No. 15/089,253, en-
titled SURGICAL STAPLING SYSTEM CONFIG-
URED TO APPLYANNULAR ROWS OF STAPLES
HAVING DIFFERENT HEIGHTS, now U.S. Patent
No. 10,413,297;

- U.S. Patent Application Serial No. 15/089,304, en-
titled SURGICAL STAPLING SYSTEM COMPRIS-
ING A GROOVED FORMING POCKET, now U.S.
Patent No. 10,285,705;

- U.S. Patent Application Serial No. 15/089,331, en-
titledANVILMODIFICATIONMEMBERSFORSUR-
GICAL STAPLERS, now U.S. Patent No.

5

10

15

20

25

30

35

40

45

50

55



13

21 EP 4 521 595 A2 22

10,376,263;
- U.S. Patent Application Serial No. 15/089,336, en-

titled STAPLE CARTRIDGES WITH ATRAUMATIC
FEATURES, now U.S. Patent No. 10,709,446;

- U.S. Patent Application Serial No. 15/089,312, en-
titled CIRCULAR STAPLING SYSTEM COMPRIS-
ING AN INCISABLE TISSUE SUPPORT, now U.S.
Patent Application Publication No. 2017/0281189;

- U.S. Patent Application Serial No. 15/089,309, en-
titled CIRCULAR STAPLING SYSTEM COMPRIS-
ING ROTARY FIRING SYSTEM, now U.S. Patent
No. 10,675,021; and

- U.S. Patent Application Serial No. 15/089,349, en-
titled CIRCULAR STAPLING SYSTEM COMPRIS-
ING LOAD CONTROL, now U.S. Patent No.
10,682,136.

[0019] Applicant of the present application also owns
the U.S. Patent Applications identified below which were
filed on December 30, 2015 which are each herein in-
corporated by reference in their respective entirety:

- U.S. Patent Application Serial No. 14/984,488, en-
titled MECHANISMS FOR COMPENSATING FOR
BATTERY PACK FAILURE IN POWERED SURGI-
CAL INSTRUMENTS, now U.S. Patent No.
10,292,704;

- U.S. Patent Application Serial No. 14/984,525, en-
titled MECHANISMS FOR COMPENSATING FOR
DRIVETRAIN FAILURE IN POWERED SURGICAL
INSTRUMENTS, now U.S. Patent No. 10,368,865;
and

- U.S. Patent Application Serial No. 14/984,552, en-
titled SURGICAL INSTRUMENTS WITH SEPAR-
ABLE MOTORS AND MOTOR CONTROL CIR-
CUITS, now U.S. Patent No. 10,265,068.

[0020] Applicant of the present application also owns
the U.S. Patent Applications identified below which were
filed on February 9, 2016, which are each herein incor-
porated by reference in their respective entirety:

- U.S. Patent Application Serial No. 15/019,220, en-
titled SURGICAL INSTRUMENT WITH ARTICU-
LATING AND AXIALLY TRANSLATABLE END EF-
FECTOR, now U.S. Patent No. 10,245,029;

- U.S. Patent Application Serial No. 15/019,228, en-
titled SURGICAL INSTRUMENTSWITHMULTIPLE
LINK ARTICULATION ARRANGEMENTS, now
U.S. Patent No. 10,433,837;

- U.S. Patent Application Serial No. 15/019,196, en-
titled SURGICAL INSTRUMENT ARTICULATION
MECHANISM WITH SLOTTED SECONDARY
CONSTRAINT, now U.S. Patent No. 10,413,291;

- U.S. Patent Application Serial No. 15/019,206, en-
titled SURGICAL INSTRUMENTS WITH AN END
EFFECTOR THAT IS HIGHLY ARTICULATABLE
RELATIVE TOANELONGATESHAFTASSEMBLY,

now U.S. Patent No. 10,653,413;
- U.S. Patent Application Serial No. 15/019,215, en-

titled SURGICAL INSTRUMENTS WITH NON-
SYMMETRICAL ARTICULATION ARRANGE-
MENTS, now U.S. Patent Application Publication
No. 2017/0224332;

- U.S. Patent Application Serial No. 15/019,227, en-
titled ARTICULATABLE SURGICAL INSTRU-
MENTS WITH SINGLE ARTICULATION LINK AR-
RANGEMENTS, now U.S. Patent Application Pub-
lication No. 2017/0224334;

- U.S. Patent Application Serial No. 15/019,235, en-
titled SURGICAL INSTRUMENTSWITHTENSION-
ING ARRANGEMENTS FOR CABLE DRIVEN AR-
TICULATION SYSTEMS, now U.S. Patent No.
10,245,030;

- U.S. Patent Application Serial No. 15/019,230, en-
titled ARTICULATABLE SURGICAL INSTRU-
MENTS WITH OFF-AXIS FIRING BEAM AR-
RANGEMENTS, now U.S. Patent No. 10,588,625;
and

- U.S. Patent Application Serial No. 15/019,245, en-
titledSURGICAL INSTRUMENTSWITHCLOSURE
STROKE REDUCTION ARRANGEMENTS, now
U.S. Patent No. 10,470,764.

[0021] Applicant of the present application also owns
the U.S. Patent Applications identified below which were
filed on February 12, 2016, which are each herein in-
corporated by reference in their respective entirety:

- U.S. Patent Application Serial No. 15/043,254, en-
titled MECHANISMS FOR COMPENSATING FOR
DRIVETRAIN FAILURE IN POWERED SURGICAL
INSTRUMENTS, now U.S. Patent No. 10,258,331;

- U.S. Patent Application Serial No. 15/043,259, en-
titled MECHANISMS FOR COMPENSATING FOR
DRIVETRAIN FAILURE IN POWERED SURGICAL
INSTRUMENTS, now U.S. Patent No. 10,448,948;

- U.S. Patent Application Serial No. 15/043,275, en-
titled MECHANISMS FOR COMPENSATING FOR
DRIVETRAIN FAILURE IN POWERED SURGICAL
INSTRUMENTS, now U.S. Patent Application Pub-
lication No. 2017/0231627; and

- U.S. Patent Application Serial No. 15/043,289, en-
titled MECHANISMS FOR COMPENSATING FOR
DRIVETRAIN FAILURE IN POWERED SURGICAL
INSTRUMENTS, now U.S. Patent Application Pub-
lication No. 2017/0231628.

[0022] Applicant of the present application owns the
following patent applications that were filed on June 18,
2015 and which are each herein incorporated by refer-
ence in their respective entirety:

- U.S. Patent Application Serial No. 14/742,925, en-
titled SURGICAL END EFFECTORS WITH POSI-
TIVE JAWOPENING ARRANGEMENTS, now U.S.
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Patent No. 10,182,818;
- U.S. Patent Application Serial No. 14/742,941, en-

titled SURGICAL END EFFECTORS WITH DUAL
CAMACTUATED JAWCLOSING FEATURES, now
U.S. Patent No. 10,052,102;

- U.S. Patent Application Serial No. 14/742,933, en-
titledSURGICALSTAPLING INSTRUMENTSWITH
LOCKOUTARRANGEMENTS FOR PREVENTING
FIRING SYSTEM ACTUATION WHEN A CAR-
TRIDGE IS SPENT OR MISSING, now U.S. Patent
No. 10,154,841 ;

- U.S. Patent Application Serial No. 14/742,914, en-
titled MOVABLE FIRING BEAM SUPPORT AR-
RANGEMENTS FOR ARTICULATABLE SURGI-
CAL INSTRUMENTS, now U.S. Patent No.
10,405,863;

- U.S. Patent Application Serial No. 14/742,900, en-
titled ARTICULATABLE SURGICAL INSTRU-
MENTS WITH COMPOSITE FIRING BEAM
STRUCTURESWITHCENTER FIRINGSUPPORT
MEMBER FOR ARTICULATION SUPPORT, now
U.S. Patent No. 10,335,149;

- U.S. Patent Application Serial No. 14/742,885, en-
titled DUAL ARTICULATION DRIVE SYSTEM AR-
RANGEMENTS FOR ARTICULATABLE SURGI-
CAL INSTRUMENTS, now U.S. Patent No.
10,368,861 ; and

- U.S. Patent Application Serial No. 14/742,876, en-
titled PUSH/PULL ARTICULATION DRIVE SYS-
TEMS FOR ARTICULATABLE SURGICAL IN-
STRUMENTS, now U.S. Patent No. 10,178,992.

[0023] Applicant of the present application owns the
following patent applications that were filed on March 6,
2015 and which are each herein incorporated by refer-
ence in their respective entirety:

- U.S. Patent Application Serial No. 14/640,746, en-
titled POWERED SURGICAL INSTRUMENT, now
U.S. Patent No. 9,808,246;

- U.S. Patent Application Serial No. 14/640,795, en-
titled MULTIPLE LEVEL THRESHOLDS TO MOD-
IFY OPERATION OF POWERED SURGICAL IN-
STRUMENTS, now U.S. Patent No. 10,441,279;

- U.S. Patent Application Serial No. 14/640,832, en-
titled ADAPTIVE TISSUE COMPRESSION TECH-
NIQUES TO ADJUST CLOSURE RATES FOR
MULTIPLE TISSUE TYPES, now U.S. Patent No.
10,687,806;

- U.S. Patent Application Serial No. 14/640,935, en-
titled OVERLAID MULTI SENSOR RADIO FRE-
QUENCY (RF) ELECTRODE SYSTEM TO MEA-
SURE TISSUE COMPRESSION, now U.S. Patent
No. 10,548,504;

- U.S. Patent Application Serial No. 14/640,831, en-
titled MONITORING SPEED CONTROL AND PRE-
CISION INCREMENTING OF MOTOR FOR POW-
ERED SURGICAL INSTRUMENTS, now U.S. Pa-

tent No. 9,895,148;
- U.S. Patent Application Serial No. 14/640,859, en-

titled TIME DEPENDENT EVALUATION OF SEN-
SOR DATA TO DETERMINE STABILITY, CREEP,
AND VISCOELASTIC ELEMENTS OF MEA-
SURES, now U.S. Patent No. 10,052,044;

- U.S. Patent Application Serial No. 14/640,817, en-
titled INTERACTIVE FEEDBACK SYSTEM FOR
POWERED SURGICAL INSTRUMENTS, now
U.S. Patent No. 9,924,961;

- U.S. Patent Application Serial No. 14/640,844, en-
titled CONTROL TECHNIQUES AND SUB-PRO-
CESSORCONTAINEDWITHINMODULARSHAFT
WITH SELECT CONTROL PROCESSING FROM
HANDLE, now U.S. Patent No. 10,045,776;

- U.S. Patent Application Serial No. 14/640,837, en-
titled SMART SENSORS WITH LOCAL SIGNAL
PROCESSING, now U.S. Patent No. 9,993,248;

- U.S. Patent Application Serial No. 14/640,765, en-
titled SYSTEMFORDETECTINGTHEMIS-INSER-
TION OF A STAPLE CARTRIDGE INTO A SURGI-
CAL STAPLER, now U.S. Patent No. 10,617,412;

- U.S. Patent Application Serial No. 14/640,799, en-
titled SIGNAL AND POWER COMMUNICATION
SYSTEMPOSITIONEDONAROTATABLESHAFT,
now U.S. Patent No. 9,901,342; and

- U.S. Patent Application Serial No. 14/640,780, en-
titled SURGICAL INSTRUMENT COMPRISING A
LOCKABLE BATTERY HOUSING, now U.S. Patent
No. 10,245,033.

[0024] Applicant of the present application owns the
following patent applications that were filed on February
27, 2015, and which are each herein incorporated by
reference in their respective entirety:

- U.S. Patent Application Serial No. 14/633,576, en-
titled SURGICAL INSTRUMENT SYSTEM COM-
PRISING AN INSPECTION STATION, now U.S.
Patent No. 10,045,779;

- U.S. Patent Application Serial No. 14/633,546, en-
titled SURGICAL APPARATUS CONFIGURED TO
ASSESS WHETHER A PERFORMANCE PARA-
METER OF THE SURGICAL APPARATUS IS
WITHIN AN ACCEPTABLE PERFORMANCE
BAND, now U.S. Patent No. 10,180,463;

- U.S. Patent Application Serial No. 14/633,560, en-
titled SURGICAL CHARGING SYSTEM THAT
CHARGESAND/ORCONDITIONSONEORMORE
BATTERIES, now U.S. Patent Application Publica-
tion No. 2016/0249910;

- U.S. Patent Application Serial No. 14/633,566, en-
titled CHARGING SYSTEM THAT ENABLES
EMERGENCY RESOLUTIONS FOR CHARGING
A BATTERY, now U.S. Patent No. 10,182,816;

- U.S. Patent Application Serial No. 14/633,555, en-
titled SYSTEM FOR MONITORING WHETHER A
SURGICAL INSTRUMENT NEEDS TO BE SER-
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VICED, now U.S. Patent No. 10,321,907;
- U.S. Patent Application Serial No. 14/633,542, en-

titled REINFORCED BATTERY FOR A SURGICAL
INSTRUMENT, now U.S. Patent No. 9,931,118;

- U.S. Patent Application Serial No. 14/633,548, en-
titled POWER ADAPTER FOR A SURGICAL IN-
STRUMENT, now U.S. Patent No. 10,245,028;

- U.S. Patent Application Serial No. 14/633,526, en-
titled ADAPTABLE SURGICAL INSTRUMENT
HANDLE, now U.S. Patent No. 9,993,258;

- U.S. Patent Application Serial No. 14/633,541, en-
titled MODULAR STAPLING ASSEMBLY, now U.S.
Patent No. 10,226,250; and

- U.S. Patent Application Serial No. 14/633,562, en-
titled SURGICAL APPARATUS CONFIGURED TO
TRACK AN END-OF-LIFE PARAMETER, now U.S.
Patent No. 10,159,483.

[0025] Applicant of the present application owns the
followingpatent applications thatwere filedonDecember
18, 2014 and which are each herein incorporated by
reference in their respective entirety:

- U.S. Patent Application Serial No. 14/574,478, en-
titled SURGICAL INSTRUMENT SYSTEMS COM-
PRISING AN ARTICULATABLE END EFFECTOR
AND MEANS FOR ADJUSTING THE FIRING
STROKE OFA FIRING MEMBER, now U.S. Patent
No. 9,844,374;

- U.S. Patent Application Serial No. 14/574,483, en-
titled SURGICAL INSTRUMENTASSEMBLY COM-
PRISING LOCKABLE SYSTEMS, now U.S. Patent
No. 10,188,385;

- U.S. Patent Application Serial No. 14/575,139, en-
titled DRIVE ARRANGEMENTS FOR ARTICULA-
TABLE SURGICAL INSTRUMENTS, now U.S. Pa-
tent No. 9,844,375;

- U.S. Patent Application Serial No. 14/575,148, en-
titled LOCKING ARRANGEMENTS FOR DETACH-
ABLE SHAFT ASSEMBLIES WITH ARTICULATA-
BLE SURGICAL END EFFECTORS, now U.S. Pa-
tent No. 10,085,748;

- U.S. Patent Application Serial No. 14/575,130, en-
titled SURGICAL INSTRUMENT WITH AN ANVIL
THAT IS SELECTIVELY MOVABLE ABOUTA DIS-
CRETE NON-MOVABLE AXIS RELATIVE TO A
STAPLE CARTRIDGE, now U.S. Patent No.
10,245,027;

- U.S. Patent Application Serial No. 14/575,143, en-
titled SURGICAL INSTRUMENTS WITH IM-
PROVED CLOSURE ARRANGEMENTS, now
U.S. Patent No. 10,004,501;

- U.S. Patent Application Serial No. 14/575,117, en-
titled SURGICAL INSTRUMENTS WITH ARTICU-
LATABLE END EFFECTORS AND MOVABLE FIR-
ING BEAM SUPPORT ARRANGEMENTS, now
U.S. Patent No. 9,943,309;

- U.S. Patent Application Serial No. 14/575,154, en-

titled SURGICAL INSTRUMENTS WITH ARTICU-
LATABLEENDEFFECTORSAND IMPROVEDFIR-
ING BEAM SUPPORT ARRANGEMENTS, now
U.S. Patent No. 9,968,355;

- U.S. Patent Application Serial No. 14/574,493, en-
titled SURGICAL INSTRUMENTASSEMBLY COM-
PRISING A FLEXIBLE ARTICULATION SYSTEM,
now U.S. Patent No. 9,987,000; and

- U.S. Patent Application Serial No. 14/574,500, en-
titled SURGICAL INSTRUMENTASSEMBLY COM-
PRISING A LOCKABLE ARTICULATION SYSTEM,
now U.S. Patent No. 10,117,649.

[0026] Applicant of the present application owns the
following patent applications that were filed on March 1,
2013 and which are each herein incorporated by refer-
ence in their respective entirety:

- U.S. Patent Application Serial No. 13/782,295, en-
titled ARTICULATABLE SURGICAL INSTRU-
MENTS WITH CONDUCTIVE PATHWAYS FOR
SIGNAL COMMUNICATION, now U.S. Patent No.
9,700,309;

- U.S. Patent Application Serial No. 13/782,323, en-
titled ROTARY POWERED ARTICULATION
JOINTS FOR SURGICAL INSTRUMENTS, now
U.S. Patent No. 9,782,169;

- U.S. Patent Application Serial No. 13/782,338, en-
titled THUMBWHEEL SWITCH ARRANGEMENTS
FOR SURGICAL INSTRUMENTS, now U.S. Patent
Application Publication No. 2014/0249557;

- U.S. Patent Application Serial No. 13/782,499, en-
titled ELECTROMECHANICAL SURGICAL DE-
VICE WITH SIGNAL RELAY ARRANGEMENT,
now U.S. Patent No. 9,358,003;

- U.S. Patent Application Serial No. 13/782,460, en-
titledMULTIPLEPROCESSORMOTORCONTROL
FOR MODULAR SURGICAL INSTRUMENTS, now
U.S. Patent No. 9,554,794;

- U.S. Patent Application Serial No. 13/782,358, en-
titled JOYSTICK SWITCH ASSEMBLIES FOR
SURGICAL INSTRUMENTS, now U.S. Patent No.
9,326,767;

- U.S. Patent Application Serial No. 13/782,481, en-
titled SENSOR STRAIGHTENED END EFFECTOR
DURING REMOVAL THROUGH TROCAR, now
U.S. Patent No. 9,468,438;

- U.S. Patent Application Serial No. 13/782,518, en-
titled CONTROL METHODS FOR SURGICAL IN-
STRUMENTS WITH REMOVABLE IMPLEMENT
PORTIONS, now U.S. Patent Application Publica-
tion No. 2014/0246475;

- U.S. Patent Application Serial No. 13/782,375, en-
titled ROTARY POWERED SURGICAL INSTRU-
MENTS WITH MULTIPLE DEGREES OF FREE-
DOM, now U.S. Patent No. 9,398,911; and

- U.S. Patent Application Serial No. 13/782,536, en-
titled SURGICAL INSTRUMENT SOFT STOP, now
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U.S. Patent No. 9,307,986.

[0027] Applicant of the present application also owns
the following patent applications that were filed onMarch
14, 2013 and which are each herein incorporated by
reference in their respective entirety:

- U.S. Patent Application Serial No. 13/803,097, en-
titled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, now U.S. Patent
No. 9,687,230;

- U.S. Patent Application Serial No. 13/803,193, en-
titled CONTROL ARRANGEMENTS FOR A DRIVE
MEMBER OF A SURGICAL INSTRUMENT, now
U.S. Patent No. 9,332,987;

- U.S. Patent Application Serial No. 13/803,053, en-
titled INTERCHANGEABLE SHAFT ASSEMBLIES
FOR USEWITH A SURGICAL INSTRUMENT, now
U.S. Patent No. 9,883,860;

- U.S. Patent Application Serial No. 13/803,086, en-
titled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING AN ARTICULATION LOCK, now
U.S. Patent Application Publication No.
2014/0263541;

- U.S. Patent Application Serial No. 13/803,210, en-
titled SENSOR ARRANGEMENTS FOR ABSO-
LUTE POSITIONING SYSTEM FOR SURGICAL
INSTRUMENTS, now U.S. Patent No. 9,808,244;

- U.S. Patent Application Serial No. 13/803,148, en-
titled MULTI-FUNCTION MOTOR FOR A SURGI-
CAL INSTRUMENT, now U.S. Patent No.
10,470,762;

- U.S. Patent Application Serial No. 13/803,066, en-
titled DRIVE SYSTEM LOCKOUT ARRANGE-
MENTS FOR MODULAR SURGICAL INSTRU-
MENTS, now U.S. Patent No. 9,629,623;

- U.S. Patent Application Serial No. 13/803,117, en-
titled ARTICULATION CONTROL SYSTEM FOR
ARTICULATABLE SURGICAL INSTRUMENTS,
now U.S. Patent No. 9,351,726;

- U.S. Patent Application Serial No. 13/803,130, en-
titled DRIVE TRAIN CONTROL ARRANGEMENTS
FOR MODULAR SURGICAL INSTRUMENTS, now
U.S. Patent No. 9,351,727; and

- U.S. Patent Application Serial No. 13/803,159, en-
titled METHODANDSYSTEM FOROPERATING A
SURGICAL INSTRUMENT, now U.S. Patent No.
9,888,919.

[0028] Applicant of the present application also owns
the following patent application that was filed onMarch 7,
2014 and is herein incorporated by reference in its en-
tirety:

- U.S. Patent Application Serial No. 14/200,111, en-
titled CONTROL SYSTEMS FOR SURGICAL IN-
STRUMENTS, now U.S. Patent No. 9,629,629.

[0029] Applicant of the present application also owns
the following patent applications that were filed onMarch
26, 2014 and are each herein incorporated by reference
in their respective entirety:

- U.S. Patent Application Serial No. 14/226,106, en-
titled POWER MANAGEMENT CONTROL SYS-
TEMS FOR SURGICAL INSTRUMENTS, now
U.S. Patent Application Publication No.
2015/0272582;

- U.S. Patent Application Serial No. 14/226,099, en-
titled STERILIZATION VERIFICATION CIRCUIT,
now U.S. Patent No. 9,826,977;

- U.S. Patent Application Serial No. 14/226,094, en-
titled VERIFICATION OF NUMBER OF BATTERY
EXCHANGES/PROCEDURE COUNT, now U.S.
Patent Application Publication No. 2015/0272580;

- U.S. Patent Application Serial No. 14/226,117, en-
titled POWER MANAGEMENT THROUGH SLEEP
OPTIONS OF SEGMENTED CIRCUIT AND WAKE
UP CONTROL, now U.S. Patent No. 10,013,049;

- U.S. Patent Application Serial No. 14/226,075, en-
titled MODULAR POWERED SURGICAL INSTRU-
MENTWITHDETACHABLESHAFTASSEMBLIES,
now U.S. Patent No. 9,743,929;

- U.S. Patent Application Serial No. 14/226,093, en-
titled FEEDBACK ALGORITHMS FOR MANUAL
BAILOUT SYSTEMS FOR SURGICAL INSTRU-
MENTS, now U.S. Patent No. 10,028,761;

- U.S. Patent Application Serial No. 14/226,116, en-
titled SURGICAL INSTRUMENT UTILIZING SEN-
SOR ADAPTATION, now U.S. Patent Application
Publication No. 2015/0272571;

- U.S. Patent Application Serial No. 14/226,071, en-
titled SURGICAL INSTRUMENT CONTROL CIR-
CUIT HAVING A SAFETY PROCESSOR, now
U.S. Patent No. 9,690,362;

- U.S. Patent Application Serial No. 14/226,097, en-
titled SURGICAL INSTRUMENT COMPRISING IN-
TERACTIVE SYSTEMS, now U.S. Patent No.
9,820,738;

- U.S. Patent Application Serial No. 14/226,126, en-
titled INTERFACESYSTEMSFORUSEWITHSUR-
GICAL INSTRUMENTS, now U.S. Patent No.
10,004,497;

- U.S. Patent Application Serial No. 14/226,133, en-
titled MODULAR SURGICAL INSTRUMENT SYS-
TEM, now U.S. Patent Application Publication No.
2015/0272557;

- U.S. Patent Application Serial No. 14/226,081, en-
titled SYSTEMS AND METHODS FOR CONTROL-
LING A SEGMENTED CIRCUIT, now U.S. Patent
No. 9,804,618;

- U.S. Patent Application Serial No. 14/226,076, en-
titled POWER MANAGEMENT THROUGH SEG-
MENTED CIRCUIT AND VARIABLE VOLTAGE
PROTECTION, now U.S. Patent No. 9,733,663;

- U.S. Patent Application Serial No. 14/226,111, en-
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titled SURGICAL STAPLING INSTRUMENT SYS-
TEM, now U.S. Patent No. 9,750,499; and

- U.S. Patent Application Serial No. 14/226,125, en-
titled SURGICAL INSTRUMENT COMPRISING A
ROTATABLE SHAFT, now U.S. Patent No.
10,201,364.

[0030] Applicant of the present application also owns
the following patent applications that were filed on Sep-
tember 5, 2014 and which are each herein incorporated
by reference in their respective entirety:

- U.S. Patent Application Serial No. 14/479,103, en-
titledCIRCUITRYANDSENSORSFORPOWERED
MEDICAL DEVICE, now U.S. Patent No.
10,111,679;

- U.S. Patent Application Serial No. 14/479,119, en-
titled ADJUNCT WITH INTEGRATED SENSORS
TO QUANTIFY TISSUE COMPRESSION, now
U.S. Patent No. 9,724,094;

- U.S. Patent Application Serial No. 14/478,908, en-
titled MONITORING DEVICE DEGRADATION
BASED ON COMPONENT EVALUATION, now
U.S. Patent No. 9,737,301;

- U.S. Patent Application Serial No. 14/478,895, en-
titled MULTIPLE SENSORS WITH ONE SENSOR
AFFECTING A SECOND SENSOR’S OUTPUT OR
INTERPRETATION,nowU.S.PatentNo.9,757,128;

- U.S. Patent Application Serial No. 14/479,110, en-
titled POLARITY OF HALL MAGNET TO IDENTIFY
CARTRIDGE TYPE, now U.S. Patent No.
10,016,199;

- U.S. Patent Application Serial No. 14/479,098, en-
titled SMARTCARTRIDGEWAKEUPOPERATION
AND DATA RETENTION, now U.S. Patent No.
10,135,242;

- U.S. Patent Application Serial No. 14/479,115, en-
titled MULTIPLE MOTOR CONTROL FOR POW-
ERED MEDICAL DEVICE, now U.S. Patent No.
9,788,836; and

- U.S. Patent Application Serial No. 14/479,108, en-
titled LOCAL DISPLAY OF TISSUE PARAMETER
STABILIZATION, now U.S. Patent Application Pub-
lication No. 2016/0066913.

[0031] Applicant of the present application also owns
the following patent applications thatwere filedonApril 9,
2014 and which are each herein incorporated by refer-
ence in their respective entirety:

- U.S. Patent Application Serial No. 14/248,590, en-
titledMOTORDRIVENSURGICAL INSTRUMENTS
WITHLOCKABLEDUALDRIVESHAFTS, nowU.S.
Patent No. 9,826,976;

- U.S. Patent Application Serial No. 14/248,581, en-
titled SURGICAL INSTRUMENT COMPRISING A
CLOSING DRIVE AND A FIRING DRIVE OPER-
ATED FROM THE SAME ROTATABLE OUTPUT,

now U.S. Patent No. 9,649,110;
- U.S. Patent Application Serial No. 14/248,595, en-

titled SURGICAL SYSTEM COMPRISING FIRST
AND SECOND DRIVE SYSTEMS, now U.S. Patent
No. 9,844,368;

- U.S. Patent Application Serial No. 14/248,588, en-
titled POWERED LINEAR SURGICAL STAPLER,
now U.S. Patent No. 10,405,857;

- U.S. Patent Application Serial No. 14/248,591, en-
titled SURGICAL INSTRUMENT COMPRISING A
GAP SETTING SYSTEM, now U.S. Patent No.
10,149,680;

- U.S. Patent Application Serial No. 14/248,584, en-
titled MODULAR MOTOR DRIVEN SURGICAL IN-
STRUMENTS WITH ALIGNMENT FEATURES
FOR ALIGNING ROTARY DRIVE SHAFTS WITH
SURGICAL END EFFECTOR SHAFTS, now U.S.
Patent No. 9,801,626;

- U.S. Patent Application Serial No. 14/248,587, en-
titled POWERED SURGICAL STAPLER, now U.S.
Patent No. 9,867,612;

- U.S. Patent Application Serial No. 14/248,586, en-
titled DRIVE SYSTEM DECOUPLING ARRANGE-
MENT FOR A SURGICAL INSTRUMENT, now U.S.
Patent No. 10,136,887; and

- U.S. Patent Application Serial No. 14/248,607, en-
titled MODULAR MOTOR DRIVEN SURGICAL IN-
STRUMENTS WITH STATUS INDICATION AR-
RANGEMENTS, now U.S. Patent No. 9,814,460.

[0032] Applicant of the present application also owns
the following patent applications that were filed on April
16, 2013 and which are each herein incorporated by
reference in their respective entirety:

- U.S. Provisional Patent Application Serial No.
61/812,365, entitled SURGICAL INSTRUMENT
WITH MULTIPLE FUNCTIONS PERFORMED BY
A SINGLE MOTOR;

- U.S. Provisional Patent Application Serial No.
61/812,376, entitled LINEAR CUTTER WITH
POWER;

- U.S. Provisional Patent Application Serial No.
61/812,382, entitled LINEAR CUTTER WITH MO-
TOR AND PISTOL GRIP;

- U.S. Provisional Patent Application Serial No.
61/812,385, entitled SURGICAL INSTRUMENT
HANDLE WITH MULTIPLE ACTUATION MOTORS
AND MOTOR CONTROL; and

- U.S. Provisional Patent Application Serial No.
61/812,372, entitled SURGICAL INSTRUMENT
WITH MULTIPLE FUNCTIONS PERFORMED BY
A SINGLE MOTOR.

[0033] Applicant of the present application owns the
following U.S. Provisional Patent Applications, filed on
December 28, 2017, the disclosure of each of which is
herein incorporated by reference in its entirety:
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- U.S. Provisional Patent Application Serial No.
62/611,341, entitled INTERACTIVE SURGICAL
PLATFORM;

- U.S. Provisional Patent Application Serial No.
62/611,340, entitled CLOUD-BASED MEDICAL
ANALYTICS; and

- U.S. Provisional Patent Application Serial No.
62/611,339, entitled ROBOT ASSISTED SURGI-
CAL PLATFORM.

[0034] Applicant of the present application owns the
following U.S. Provisional Patent Applications, filed on
March 28, 2018, each of which is herein incorporated by
reference in its entirety:

- U.S. Provisional Patent Application Serial No.
62/649,302, entitled INTERACTIVE SURGICAL
SYSTEMSWITHENCRYPTEDCOMMUNICATION
CAPABILITIES;

- U.S. Provisional Patent Application Serial No.
62/649,294, entitled DATA STRIPPING METHOD
TO INTERROGATE PATIENT RECORDS AND
CREATE ANONYMIZED RECORD;

- U.S. Provisional Patent Application Serial No.
62/649,300, entitled SURGICAL HUB SITUA-
TIONAL AWARENESS;

- U.S. Provisional Patent Application Serial No.
62/649,309, entitled SURGICAL HUB SPATIAL
AWARENESS TO DETERMINE DEVICES IN OP-
ERATING THEATER;

- U.S. Provisional Patent Application Serial No.
62/649,310, entitled COMPUTER IMPLEMENTED
INTERACTIVE SURGICAL SYSTEMS;

- U.S. Provisional Patent Application Serial No.
62/649,291, entitled USE OF LASER LIGHT AND
RED-GREEN-BLUE COLORATION TO DETER-
MINE PROPERTIES OF BACK SCATTERED
LIGHT;

- U.S. Provisional Patent Application Serial No.
62/649,296, entitled ADAPTIVE CONTROL PRO-
GRAM UPDATES FOR SURGICAL DEVICES;

- U.S. Provisional Patent Application Serial No.
62/649,333, entitled CLOUD-BASED MEDICAL
ANALYTICSFORCUSTOMIZATIONANDRECOM-
MENDATIONS TO A USER;

- U.S. Provisional Patent Application Serial No.
62/649,327, entitled CLOUD-BASED MEDICAL
ANALYTICS FOR SECURITY AND AUTHENTICA-
TION TRENDS AND REACTIVE MEASURES;

- U.S. Provisional Patent Application Serial No.
62/649,315,entitledDATAHANDLINGANDPRIOR-
ITIZATION IN A CLOUD ANALYTICS NETWORK;

- U.S. Provisional Patent Application Serial No.
62/649,313, entitled CLOUD INTERFACE FOR
COUPLED SURGICAL DEVICES;

- U.S. Provisional Patent Application Serial No.
62/649,320, entitled DRIVE ARRANGEMENTS
FOR ROBOT-ASSISTED SURGICAL PLAT-

FORMS;
- U.S. Provisional Patent Application Serial No.

62/649,307, entitled AUTOMATIC TOOL ADJUST-
MENTS FOR ROBOT-ASSISTED SURGICAL
PLATFORMS; and

- U.S. Provisional Patent Application Serial No.
62/649,323, entitled SENSING ARRANGEMENTS
FOR ROBOT-ASSISTED SURGICAL PLAT-
FORMS.

[0035] Applicant of the present application owns the
following U.S. Patent Applications, filed on March 29,
2018, each of which is herein incorporated by reference
in its entirety:

- U.S. Patent Application Serial No. 15/940,641, en-
titled INTERACTIVE SURGICAL SYSTEMS WITH
ENCRYPTED COMMUNICATION CAPABILITIES,
now U.S. Patent Application Publication No.
2019/0207911;

- U.S. Patent Application Serial No. 15/940,648, en-
titled INTERACTIVE SURGICAL SYSTEMS WITH
CONDITION HANDLING OF DEVICES AND DATA
CAPABILITIES, now U.S. Patent Application Pub-
lication No. 2019/0206004;

- U.S. Patent Application Serial No. 15/940,656, en-
titled SURGICAL HUB COORDINATION OF CON-
TROL AND COMMUNICATION OF OPERATING
ROOMDEVICES, nowU.S. Patent Application Pub-
lication No. 2019/0201141;

- U.S. Patent Application Serial No. 15/940,666, en-
titledSPATIALAWARENESSOFSURGICALHUBS
IN OPERATING ROOMS, now U.S. Patent Applica-
tion Publication No. 2019/0206551;

- U.S. Patent Application Serial No. 15/940,670, en-
titled COOPERATIVE UTILIZATION OF DATA DE-
RIVEDFROMSECONDARYSOURCESBY INTEL-
LIGENT SURGICAL HUBS, now U.S. Patent Appli-
cation Publication No. 2019/0201116;

- U.S. Patent Application Serial No. 15/940,677, en-
titled SURGICAL HUB CONTROL ARRANGE-
MENTS, now U.S. Patent Application Publication
No. 2019/0201143;

- U.S. Patent Application Serial No. 15/940,632, en-
titled DATA STRIPPING METHOD TO INTERRO-
GATE PATIENT RECORDS AND CREATE ANON-
YMIZED RECORD, now U.S. Patent Application
Publication No. 2019/0205566;

- U.S. Patent Application Serial No. 15/940,640, en-
titled COMMUNICATIONHUBANDSTORAGEDE-
VICEFORSTORINGPARAMETERSANDSTATUS
OF A SURGICAL DEVICE TO BE SHARED WITH
CLOUD BASED ANALYTICS SYSTEMS, now U.S.
Patent Application Publication No. 2019/0200863;

- U.S. Patent Application Serial No. 15/940,645, en-
titled SELF DESCRIBING DATA PACKETS GEN-
ERATED ATAN ISSUING INSTRUMENT, now U.S.
Patent No. 10,892,899;
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- U.S. Patent Application Serial No. 15/940,649, en-
titled DATA PAIRING TO INTERCONNECT A DE-
VICE MEASURED PARAMETER WITH AN OUT-
COME, now U.S. Patent Application Publication No.
2019/0205567;

- U.S. Patent Application Serial No. 15/940,654, en-
titled SURGICAL HUB SITUATIONAL AWARE-
NESS, now U.S. Patent Application Publication
No. 2019/0201140;

- U.S. Patent Application Serial No. 15/940,663, en-
titled SURGICAL SYSTEM DISTRIBUTED PRO-
CESSING, now U.S. Patent Application Publication
No. 2019/0201033;

- U.S. Patent Application Serial No. 15/940,668, en-
titled AGGREGATION AND REPORTING OF SUR-
GICAL HUB DATA, now U.S. Patent Application
Publication No. 2019/0201115;

- U.S. Patent Application Serial No. 15/940,671, en-
titled SURGICAL HUB SPATIAL AWARENESS TO
DETERMINE DEVICES IN OPERATING THEA-
TER, now U.S. Patent Application Publication No.
2019/0201104;

- U.S. Patent Application Serial No. 15/940,686, en-
titled DISPLAY OFALIGNMENT OF STAPLE CAR-
TRIDGE TO PRIOR LINEAR STAPLE LINE, now
U.S. Patent Application Publication No.
2019/0201105;

- U.S. Patent Application Serial No. 15/940,700, en-
titled STERILE FIELD INTERACTIVE CONTROL
DISPLAYS, nowU.S. Patent Application Publication
No. 2019/0205001;

- U.S. Patent Application Serial No. 15/940,629, en-
titled COMPUTER IMPLEMENTED INTERACTIVE
SURGICALSYSTEMS,nowU.S.PatentApplication
Publication No. 2019/0201112;

- U.S. Patent Application Serial No. 15/940,704, en-
titled USE OF LASER LIGHT AND RED-GREEN-
BLUE COLORATION TO DETERMINE PROPER-
TIES OF BACK SCATTERED LIGHT, now U.S. Pa-
tent Application Publication No. 2019/0206050;

- U.S. Patent Application Serial No. 15/940,722, en-
titled CHARACTERIZATION OF TISSUE IRREGU-
LARITIESTHROUGHTHEUSEOFMONO-CHRO-
MATIC LIGHT REFRACTIVITY, now U.S. Patent
Application Publication No. 2019/0200905; and

- U.S. Patent Application Serial No. 15/940,742, en-
titled DUAL CMOS ARRAY IMAGING, now U.S.
Patent Application Publication No. 2019/0200906.

[0036] Applicant of the present application owns the
following U.S. Patent Applications, filed on March 29,
2018, each of which is herein incorporated by reference
in its entirety:

- U.S. Patent Application Serial No. 15/940,636, en-
titled ADAPTIVECONTROLPROGRAMUPDATES
FOR SURGICAL DEVICES, now U.S. Patent Appli-
cation Publication No. 2019/0206003;

- U.S. Patent Application Serial No. 15/940,653, en-
titled ADAPTIVECONTROLPROGRAMUPDATES
FOR SURGICAL HUBS, now U.S. Patent Applica-
tion Publication No. 2019/0201114;

- U.S. Patent Application Serial No. 15/940,660, en-
titled CLOUD-BASED MEDICAL ANALYTICS FOR
CUSTOMIZATIONANDRECOMMENDATIONSTO
A USER, now U.S. Patent Application Publication
No. 2019/0206555;

- U.S. Patent Application Serial No. 15/940,679, en-
titled CLOUD-BASED MEDICAL ANALYTICS FOR
LINKING OF LOCAL USAGE TRENDS WITH THE
RESOURCE ACQUISITION BEHAVIORS OF LAR-
GER DATA SET, now U.S. Patent Application Pub-
lication No. 2019/0201144;

- U.S. Patent Application Serial No. 15/940,694, en-
titled CLOUD-BASED MEDICAL ANALYTICS FOR
MEDICAL FACILITY SEGMENTED INDIVIDUALI-
ZATION OF INSTRUMENT FUNCTION, now U.S.
Patent Application Publication No. 2019/0201119;

- U.S. Patent Application Serial No. 15/940,634, en-
titled CLOUD-BASED MEDICAL ANALYTICS FOR
SECURITY AND AUTHENTICATION TRENDS
ANDREACTIVEMEASURES, now U.S. Patent Ap-
plication Publication No. 2019/0201138;

- U.S. Patent Application Serial No. 15/940,706, en-
titledDATAHANDLINGANDPRIORITIZATION INA
CLOUD ANALYTICS NETWORK, now U.S. Patent
Application Publication No. 2019/0206561; and

- U.S. Patent Application Serial No. 15/940,675, en-
titledCLOUD INTERFACEFORCOUPLEDSURGI-
CAL DEVICES, now U.S. Patent No. 10,849,697.

[0037] Applicant of the present application owns the
following U.S. Patent Applications, filed on March 29,
2018, each of which is herein incorporated by reference
in its entirety:

- U.S. Patent Application Serial No. 15/940,627, en-
titled DRIVE ARRANGEMENTS FOR ROBOT-AS-
SISTEDSURGICALPLATFORMS, nowU.S.Patent
Application Publication No. 2019/0201111;

- U.S. Patent Application Serial No. 15/940,637, en-
titled COMMUNICATION ARRANGEMENTS FOR
ROBOT-ASSISTEDSURGICALPLATFORMS, now
U.S. Patent Application Publication No.
2019/0201139;

- U.S. Patent Application Serial No. 15/940,642, en-
titled CONTROLS FOR ROBOT-ASSISTED SUR-
GICAL PLATFORMS, now U.S. Patent Application
Publication No. 2019/0201113;

- U.S. Patent Application Serial No. 15/940,676, en-
titled AUTOMATIC TOOL ADJUSTMENTS FOR
ROBOT-ASSISTED SURGICAL PLATFORMS,
now U.S. Patent Application Publication No.
2019/0201142;

- U.S. Patent Application Serial No. 15/940,680, en-
titled CONTROLLERS FOR ROBOT-ASSISTED
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SURGICALPLATFORMS, nowU.S. PatentApplica-
tion Publication No. 2019/0201135;

- U.S. Patent Application Serial No. 15/940,683, en-
titled COOPERATIVE SURGICAL ACTIONS FOR
ROBOT-ASSISTEDSURGICALPLATFORMS, now
U.S. Patent Application Publication No.
2019/0201145;

- U.S. Patent Application Serial No. 15/940,690, en-
titled DISPLAY ARRANGEMENTS FOR ROBOT-
ASSISTEDSURGICALPLATFORMS, nowU.S.Pa-
tent Application Publication No. 2019/0201118; and

- U.S. Patent Application Serial No. 15/940,711, en-
titled SENSING ARRANGEMENTS FOR ROBOT-
ASSISTEDSURGICALPLATFORMS, nowU.S.Pa-
tent Application Publication No. 2019/0201120.

[0038] Numerous specific details are set forth to pro-
vide a thorough understanding of the overall structure,
function, manufacture, and use of the embodiments as
described in the specification and illustrated in the ac-
companying drawings. Well-known operations, compo-
nents, and elements have not been described in detail so
as not to obscure the embodiments described in the
specification. The reader will understand that the embo-
diments described and illustrated herein are non-limiting
examples, and thus it can beappreciated that the specific
structural and functional details disclosed herein may be
representative and illustrative. Variations and changes
theretomay bemadewithout departing from the scope of
the claims.
[0039] The terms "comprise" (and any form of com-
prise, such as "comprises" and "comprising"), "have"
(and any form of have, such as "has" and "having"),
"include" (and any form of include, such as "includes"
and "including") and "contain" (and any form of contain,
such as "contains" and "containing") are open-ended
linking verbs. As a result, a surgical system, device, or
apparatus that "comprises," "has," "includes" or "con-
tains" one or more elements possesses those one or
moreelements, but isnot limited topossessingonly those
one ormore elements. Likewise, an element of a system,
device, or apparatus that "comprises," "has," "includes"
or "contains" one or more features possesses those one
or more features, but is not limited to possessing only
those one or more features.
[0040] The terms "proximal" and "distal" are usedhere-
in with reference to a clinician manipulating the handle
portion of the surgical instrument. The term "proximal"
refers to the portion closest to the clinician and the term
"distal" refers to the portion located away from the clin-
ician. It will be further appreciated that, for convenience
and clarity, spatial terms such as "vertical", "horizontal",
"up", and "down" may be used herein with respect to the
drawings. However, surgical instruments are used in
many orientations and positions, and these terms are
not intended to be limiting and/or absolute.
[0041] Various exemplary devices and methods are
provided for performing laparoscopic and minimally in-

vasive surgical procedures. However, the reader will
readily appreciate that the various methods and devices
disclosed herein can be used in numerous surgical pro-
cedures and applications including, for example, in con-
nection with open surgical procedures. As the present
Detailed Description proceeds, the reader will further
appreciate that the various instruments disclosed herein
can be inserted into a body in any way, such as through a
natural orifice, through an incision or puncture hole
formed in tissue, etc. Theworkingportions or endeffector
portions of the instruments can be inserted directly into a
patient’s body or can be inserted through an access
device that has a working channel through which the
end effector and elongate shaft of a surgical instrument
can be advanced.
[0042] A surgical stapling system can comprise a shaft
and an end effector extending from the shaft. The end
effector comprises a first jaw and a second jaw. The first
jaw comprises a staple cartridge. The staple cartridge is
insertable into and removable from the first jaw; however,
other embodiments are envisioned in which a staple
cartridge is not removable from, or at least readily re-
placeable from, the first jaw. The second jaw comprises
an anvil configured to deform staples ejected from the
staple cartridge. The second jaw is pivotable relative to
the first jaw about a closure axis; however, other embodi-
ments are envisioned in which the first jaw is pivotable
relative to the second jaw. The surgical stapling system
further comprises an articulation joint configured to per-
mit theendeffector to be rotated, or articulated, relative to
the shaft. The end effector is rotatable about an articula-
tion axis extending through the articulation joint. Other
embodiments are envisioned which do not include an
articulation joint.
[0043] The staple cartridge comprises a cartridge
body. Thecartridgebody includesaproximal end, a distal
end, and a deck extending between the proximal end and
the distal end. In use, the staple cartridge is positioned on
a first side of the tissue to be stapled and the anvil is
positioned on a second side of the tissue. The anvil is
moved toward the staple cartridge to compress and
clamp the tissue against the deck. Thereafter, staples
removably stored in the cartridge body can be deployed
into the tissue. The cartridge body includes staple cav-
ities defined therein wherein staples are removably
stored in the staple cavities. The staple cavities are ar-
ranged in six longitudinal rows. Three rows of staple
cavities are positioned on a first side of a longitudinal
slot and three rows of staple cavities are positioned on a
second side of the longitudinal slot. Other arrangements
of staple cavities and staples may be possible.
[0044] The staples are supported by staple drivers in
the cartridge body. The drivers are movable between a
first, or unfired position, and a second, or fired, position to
eject the staples from the staple cavities. The drivers are
retained in the cartridge body by a retainerwhich extends
around the bottom of the cartridge body and includes
resilient members configured to grip the cartridge body
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andhold the retainer to thecartridgebody.Thedriversare
movable between their unfired positions and their fired
positions by a sled. The sled is movable between a
proximal position adjacent the proximal end and a distal
position adjacent the distal end. The sled comprises a
plurality of ramped surfaces configured to slide under the
drivers and lift the drivers, and the staples supported
thereon, toward the anvil.
[0045] Further to the above, the sled is moved distally
by a firing member. The firing member is configured to
contact the sled and push the sled toward the distal end.
The longitudinal slot defined in the cartridge body is
configured to receive the firing member. The anvil also
includes a slot configured to receive the firing member.
The firing member further comprises a first cam which
engages the first jaw and a second cam which engages
the second jaw.As thefiringmember is advanceddistally,
the first cam and the second cam can control the dis-
tance, or tissue gap, between the deck of the staple
cartridgeand theanvil. Thefiringmemberalso comprises
a knife configured to incise the tissue captured intermedi-
ate the staple cartridge and the anvil. It is desirable for the
knife to be positioned at least partially proximal to the
ramped surfaces such that the staples are ejected ahead
of the knife.
[0046] Asurgical instrument 10000 is illustrated inFIG.
1. The surgical instrument 10000 comprises a handle
10100 including a handle housing 10120, a shaft 10200
extending from the handle 10100, and an end effector
10400. The end effector 10400 comprises a first jaw
10410 configured to receive a staple cartridge and a
second jaw 10420 movable relative to the first jaw
10410. The second jaw 10420 comprises an anvil includ-
ing staple forming pockets defined therein. The surgical
instrument 10000 further comprises a closure actuator
10140configured todriveaclosuresystemof thesurgical
instrument 10000 and move the second jaw 10420 be-
tween an unclamped position and a clamped position.
The closure actuator 10140 is operably coupled with a
closure tube 10240 that is advanced distally when the
closure actuator 10140 is closed. In such instances, the
closure tube 10240 contacts the second jaw and cams
and/or pushes the second jaw 10420 downwardly into its
clamped position.
[0047] Further to the above, the second jaw 10420 is
pivotably coupled to the first jaw10410about a pivot axis.
In various embodiments, the second jaw can both trans-
late and rotate as it is being moved into its clamped
position. In various alternative embodiments, a surgical
instrument comprises a staple cartridge jaw that is mo-
vable between an unclamped position and a clamped
position relative to an anvil jaw. In any event, the handle
10100 comprises a lock configured to releasably hold the
closure actuator 10140 in its clamped position. The han-
dle10100 further comprises releaseactuators10180bon
opposite sides thereof which, when actuated, unlock the
closure actuator 10140 such that the end effector 10400
can be re-opened. In various alternative embodiments,

the handle 10100 comprises an electricmotor configured
tomove the closure tube 10240 proximally and/or distally
when actuated by the clinician.
[0048] The end effector 10400 is attached to the shaft
10200 about an articulation joint 10500 and is rotatable
within a plane about an articulation axis. The shaft 10200
defines a longitudinal axis and the end effector 10400 is
articulatable between an unarticulated position in which
theendeffector 10400 isalignedwith the longitudinal axis
and articulated positions in which the end effector 10400
extends at a transverse angle relative to the longitudinal
axis. In various embodiments, the surgical instrument
10000 comprises a first articulation joint which permits
theendeffector 10400 tobearticulated inafirst planeand
a second articulation joint which permits the end effector
10400 to be articulated in a second plane which is ortho-
gonal to the first plane, for example. The handle 10100
comprises at least one electric motor and a control sys-
tem configured to control the operation of the electric
motor in response to articulation actuators 10160 and
10170. The electric motor comprises a brushless DC
motor; however, the electric motor can comprise any
suitablemotor, suchasabrushedDCmotor, for example.
[0049] The entire disclosure of U.S. Patent No.
10,149,683, entitled POWERED SURGICAL CUTTING
AND STAPLING APPARATUS WITH MANUALLY RE-
TRACTABLE FIRING SYSTEM, which issued on De-
cember 11, 2018, is incorporated by reference herein.
The entire disclosure of U.S. Patent Application Publica-
tion No. 2018/0125481, entitled MOTOR-DRIVEN SUR-
GICAL CUTTING INSTRUMENT, which published on
May 10, 2018, is incorporated by reference herein. The
handle 10100 further comprises a replaceable and/or
rechargeable battery 10300 attachable to the handle
housing which powers the surgical instrument 10000.
The entire disclosure of U.S. Patent No. 8,632,525, en-
titled POWER CONTROL ARRANGEMENTS FOR
SURGICAL INSTRUMENTS AND BATTERIES, which
issued on January 21, 2014, is incorporated by reference
herein.
[0050] Further to the above, the shaft 10200 is rotata-
ble about a longitudinal axis extending through the shaft
10200. The shaft 10200 is rotatably connected to the
handle 10100 about a rotation joint 10220 and the shaft
10200 comprises one or more finger grooves defined
therein which facilitate a clinician using the stapling in-
strument 10000 to rotate the shaft 10200. In various
embodiments, the surgical instrument 10000 comprises
an electric motor and a rotation actuator that, when
actuated by the clinician, powers the electric motor to
rotate the shaft 10200 in a first direction or a second
direction depending on the direction in which the rotation
actuator is actuated.
[0051] Further to the above, the surgical instrument
10000 comprises a staple firing drive configured to eject
the staples out of the staple cartridge. The staple firing
drive comprises an electric motor and a firing member
which is driven distally through a staple firing stroke by
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theelectricmotor.During the staple firing stroke, thefiring
member pushes the sled in the staple cartridge distally to
eject the staples from the staple cartridge. The entire
disclosure of U.S. Patent No. 9,629,629, entitled CON-
TROL SYSTEMS FOR SURGICAL INSTRUMENTS,
which issued on April 25, 2017, is incorporated by re-
ference herein.
[0052] The surgical instrument systems described
herein are motivated by an electric motor; however, the
surgical instrument systems described herein can be
motivated in any suitable manner. In certain instances,
the motors disclosed herein may comprise a portion or
portions of a robotically controlled system. U.S. Patent
Application Serial No. 13/118,241, entitled SURGICAL
STAPLING INSTRUMENTS WITH ROTATABLE STA-
PLE DEPLOYMENT ARRANGEMENTS, now U.S. Pa-
tent No. 9,072,535, for example, discloses several ex-
amples of a robotic surgical instrument system in greater
detail, the entire disclosure of which is incorporated by
reference herein. The disclosures of International Patent
Publication No. WO 2017/083125, entitled STAPLER
WITH COMPOSITE CARDAN AND SCREW DRIVE,
publishedMay 18, 2017, International Patent Publication
No. WO 2017/083126, entitled STAPLE PUSHERWITH
LOST MOTION BETWEEN RAMPS, published May 18,
2017, International Patent Publication No. WO
2015/153642, entitled SURGICAL INSTRUMENTWITH
SHIFTABLE TRANSMISSION, published October 8,
2015, U.S. Patent Application Publication No.
2017/0265954, filed March 17, 2017, entitled STAPLER
WITH CABLE-DRIVEN ADVANCEABLE CLAMPING
ELEMENT AND DUAL DISTAL PULLEYS, now U.S.
Patent No. 10,350,016, U.S. Patent Application Publica-
tion No. 2017/0265865, filed February 15, 2017, entitled
STAPLER WITH CABLE-DRIVEN ADVANCEABLE
CLAMPING ELEMENT AND DISTAL PULLEY, now
U.S. Patent No. 10,631,858, and U.S. Patent Application
PublicationNo. 2017/0290586, entitledSTAPLINGCAR-
TRIDGE, filed on March 29, 2017, now U.S. Patent No
10,722,233, are incorporated herein by reference in their
entireties.
[0053] Various embodiments disclosed herein may be
employed in connection with a robotic surgical system,
such as the robotic system 1000 depicted in FIGS. 1‑3,
for example. FIG. 1 depicts a master controller 5001 that
may be used in connection with a robotic arm cart 5100
depicted in FIG. 2. The master controller 5001 and the
robotic arm cart 5100, as well as their respective com-
ponents and control systems, are collectively referred to
herein as a robotic system 5000. Examples of such
systems and devices are disclosed in U.S. Patent No.
7,524,320, entitled MECHANICAL ACTUATOR INTER-
FACE SYSTEM FORROBOTIC SURGICALTOOLS, as
well as U.S. Patent No. 9,072,535, entitled SURGICAL
STAPLING INSTRUMENTS WITH ROTATABLE STA-
PLEDEPLOYMENTARRANGEMENTS,which are each
hereby incorporated by reference herein in their respec-
tive entireties. The details of such systems and devices

arenot repeatedherein for thesakeofbrevity. Themaster
controller 5001 includes controls 5003whicharegrasped
andmanipulated by the surgeonwhile the surgeon views
the patient via a display 1002. The controls 5003 can
comprisemanual input deviceswhichmovewithmultiple
degrees of freedom, for example, and can further com-
prise an actuatable trigger for actuating surgical instru-
ments, or tools, to close grasping jaws, staple and incise
tissue, and/or apply an electrical potential to an elec-
trode, for example.
[0054] With reference to FIGS. 2 and 3, the robotic arm
cart 5100 is configured to actuate one or more surgical
instruments, such as surgical instruments 6000, for ex-
ample, in response to inputs from the master controller
5001. In various forms, the robotic armcart 5100 includes
a base 5002, arm linkages including set-up joints 5104,
and instrument manipulators 5106. Such an arrange-
ment can facilitate the rotation of a surgical instrument
6000 around a point in space, which is described in U.S.
Patent No. 5,817,084, entitled REMOTE CENTER PO-
SITIONINGDEVICEWITHFLEXIBLEDRIVE, the entire
disclosure of which is hereby incorporated by reference
herein. This arrangement provides for pivoting rotation of
a surgical instrument 6000 about an axis 5112a, or pitch
axis. The arrangement also provides for rotation of the
surgical instrument 6000 about an axis 5112b, or yaw
axis. The pitch and yaw axes 5112a, 5112b intersect at a
remote center 5114, which is aligned along an elongate
shaft of the surgical instrument 6000. A surgical instru-
ment 6000 may have further degrees of driven freedom,
including sliding motion along a longitudinal axis LT-LT.
As the surgical instrument 6000 slides along the long-
itudinal axis LT-LT relative to the instrument manipulator
5106 (arrow 5112c), the remote center 5114 remains
fixed relative to a base 5116 of the instrument manipu-
lator 5106.Tomove the remote center 5114, linkage5108
is driven by one or more motors 5120 which move the
linkage 5108 in response to commands from the master
controller 5001 to position and/ormanipulate the surgical
instrument 6000 within the surgical site. Various other
arrangements are disclosed in U.S. Patent No.
5,878,193, entitled AUTOMATED ENDOSCOPE SYS-
TEM FOR OPTIMAL POSITIONING, the entire disclo-
sure of which is hereby incorporated by reference herein.
[0055] Additionally, while the data communication be-
tween a robotic component and the processor of the
robotic surgical system is primarily described herein with
reference to communication between a surgical instru-
ment, or tool, and themaster controller 5001, it should be
understood that similar communication may take place
between the circuitry of a manipulator, a set-up joint, an
endoscopeor other imagecapturedevice, or the like, and
the processor of the robotic surgical system for compo-
nent compatibility verification, component-type identifi-
cation, component calibration (such as off-set or the like)
communication, confirmation of coupling of the compo-
nent to the robotic surgical system, or the like. In accor-
dance with at least one aspect, various surgical instru-
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ments disclosed herein may be used in connection with
other robotically-controlled or automated surgical sys-
tems and are not necessarily limited to use with the
specific robotic system components shown in FIGS.
1‑3 and described in the aforementioned references.
Various robotic surgery systems and methods are dis-
closed in U.S. Patent No. 6,132,368, entitled MULTI-
COMPONENT TELEPRESENCE SYSTEM AND
METHOD, the entire disclosure of which is hereby in-
corporated by reference herein.
[0056] A staple cartridge 11000 is illustrated in FIGS.
5‑5C. The staple cartridge 11000 comprises a cartridge
body 11100 including a proximal end 11110 and a distal
end 11120. The cartridge body 11100 further comprises a
deck 11130 extending between the proximal end 11110
and the distal end 11120 and staple cavities 11140 de-
fined in the deck 11130. The staple cavities 11140 are
arranged in longitudinal rows on opposite sides of a
longitudinal slot 11150 defined in the cartridge body
11100. The longitudinal slot 11150 is configured to re-
ceive a tissue cutting knife therein which is pushed dis-
tally during the staple firing stroke to cut tissue captured
against the deck 11130 of the staple cartridge 11000. The
staple cartridge 11000 further comprises a staple 11200
positioned in each staple cavity 11140 and staple drivers
11300 which support the staples 11200 and drive the
staples 11200 out of the staple cavities 11140 during the
staple firing stroke. The staple cartridge 11000 further
comprises a sled 11400 which is pushed distally by a
firing member of the staple firing drive to contact and lift
the staple drivers 11300 toward the deck 11130 of the
cartridge body 11100 during the staple firing stroke. The
staple cartridge 11000 further comprises a pan 11700
attached to the cartridge body 11100 which is configured
to retain the drivers 11300 and/or staples 11200 from
falling out of the bottom of the cartridge body 11100.
[0057] Thestaple cartridge11000 further comprisesan
electronic circuit. Although not illustrated in FIGS. 5‑5C,
the staple cartridge 11000 comprises the electronic cir-
cuit 11500 depicted in FIGS. 11‑11C. Referring to FIGS.
11‑11C, theelectronic circuit 11500 comprises aproximal
end 11510 and a second end 11520. The proximal end
11510 comprises a cartridge antenna 11530 that is
placed in communication with an instrument antenna
10530 of the surgical instrument 10000 when the staple
cartridge 11000 is seated in a jaw 10410 of the end
effector 10400. The electronic circuit 11500 comprises
a flexible substrate, such as a flex circuit, for example,
conductive traces defined in and/or on the flexible sub-
strate, andelectronic componentsmounted to theflexible
substrate that are in electrical communication with the
conductive traces. In various embodiments, the electro-
nic circuit 11500 is comprised of an insulator, conductive
traces defined in and/or on the insulator, and electronic
components mounted to the flexible substrate that are in
electrical communication with the conductive traces.
[0058] Further to the above, referring again to FIGS.
11‑11C, the electronic circuit 11500 is embedded in the

cartridge body 11100. The cartridge body 11100 com-
prises a circuit slot 11160 defined in the deck 11130 and
the electronic circuit 11500 is positioned in the circuit slot
11160. The cartridge body 11100 further comprises a first
lateral side 11170, a second lateral side 11180, and the
distal portion 11120 connecting the first lateral side 11170
and the second lateral side 11180. The circuit slot 11160
extends around and/or between the longitudinal rows of
staple cavities 11140 on the first lateral side 11170 of the
cartridge body 11100, around the distal portion 11120,
and then proximally into the second lateral side 11180.
Similar to the first lateral side 11170, the circuit slot 11160
extends around/or between the longitudinal rows of sta-
ple cavities 11140 on the second lateral side 11180. As a
result of this arrangement, the electronic circuit 11500
can extend within both lateral sides of the cartridge body
11100 without having to cross over the longitudinal slot
11150. Moreover, such an arrangement permits the elec-
tronic circuit 11500 to extend into the distal portion 11120
of the cartridge body 11100. In various embodiments, the
electronic circuit 11500 isembedded in thecartridgebody
11100. In at least one embodiment, the electronic circuit
11500 is snap-fit and/or press-fit into the circuit slot
11160. In at least one embodiment, the cartridge body
11100 is comprised of plastic that is injection molded
around at least a portion of the electronic circuit 11500.
[0059] In various embodiments, referring again to
FIGS. 11‑11C, the staple cartridge 11000 comprises
elastomeric connectors which mechanically and electri-
cally connect sensors 11600 to the cartridge body 11100.
In at least one embodiment, the elastomeric connectors
comprise conductive and insulative regions in a rubber or
elastomeric matrix to produce overall anisotropic con-
ductive properties. The matrix is molded into a three-
dimensional shape and then attached to the cartridge
body 11100. In various embodiments, the shape of the
matrix matches features on the cartridge body. In at least
one embodiment, short, fine metallic wires are em-
bedded in a rubber sheet to connect the sensors
11600 to a control system of the staple cartridge
11000. In at least one instance, the metallic wires are
comprised of silver, for example. In at least one instance,
the density of the metallic wires in the matrix is between
about 300 wires/cm2 and about 2000/cm2, for example.
At the surfaces of the rubber sheet, the ends of the wires
either extend from the surfaces or are bent back toward
the rubber substrate. At least one material, trademarked
ZEBRA, is available from Fuji Polymer Industries Com-
pany.
[0060] In various embodiments, a sensor system com-
prises a plurality of sections which are selectively pow-
ered by the control system of the staple cartridge. In at
least one embodiment, the sensor system comprises a
first sensor section and a second sensor section and a
processor of the control system is configured to power
only the first sensor section during a first operatingmode,
only the second sensor section during a second operat-
ing mode, and both sensor sections during a third oper-
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atingmode, for example. Such embodiments can reduce
the amount of heat produced by the staple cartridge,
among other things. In various embodiments, the first
sensor section and the second sensor section comprise
the same number of sensors while, in other embodi-
ments, the first sensor section and the second sensor
section have a different number of sensors. In certain
embodiments, the first sensor section comprises a first
density of connection wires therein and the second sen-
sor section comprises a second density of connection
wires therein which is different than the first density.
[0061] Referring toFIG. 6, the cartridgeantenna11530
comprises a coil 11540 that is defined in a plane which is
parallel to a plane defined by a coil 10540 of the instru-
ment antenna 10530. The coils 10540 and 11540 are
sized, configured, and positioned to provide a sufficient
and/or optimal transfer coefficient such that data and/or
power can be efficiently transmitted between the instru-
ment antenna 10530 and the cartridge antenna 11530. In
various instances, the instrument coil 10540 comprises a
primary coil and the cartridge coil 11540 comprises a
secondary coil and, in use, power is transmitted wire-
lessly from the instrument coil 10540 to the cartridge coil
11540. In at least this embodiment, data signals can also
be transmittedbetween the instrument coil 10540and the
cartridge coil 11540. More specifically, data signals can
be transmitted from the surgical instrument 10000 to the
staple cartridge 11000 and/or from the staple cartridge
11000 to the surgical instrument 10000. Any suitable
software protocol and/or hardware components can be
used to co-ordinate the transmission of power and data
across the single pair of coils comprising the instrument
coil 10540 and the cartridge coil 11540. In at least one
embodiment, power and data signals are transmitted
simultaneously between the instrument coil 10540 and
the cartridge coil 11540. In at least one alternative em-
bodiment, referring to FIG. 7, power and data signals are
transmitted sequentially between the instrument coil
10540 and the cartridge coil 11540. In various embodi-
ments, the instrument antenna 10530 and/or the car-
tridge antenna 11530 comprises a multiplexer, for exam-
ple, which co-ordinates the transmission of signals be-
tween the antennas 10530 and 11530.
[0062] Referring again to FIG. 6, the surgical instru-
ment 10000 comprises a processor 10610 in commu-
nication with the instrument antenna 10530. In at least
one embodiment, the processor 10610 comprises a near
field communication (NFC) reader chip, for example. A
NFC reader chip uses high frequency radio frequency
identification at a frequency of 13.56MHzat a data rate of
about 426 kbits/s, for example. In various instances, the
processor10610comprisesa low frequencyRFID reader
which communicates at a frequency between about 120
kHz and about 150 kHz, for example. In various in-
stances, the processor 10610 comprises a high fre-
quencyRFID readerwhich communicates at a frequency
of about 13.6MHz, for example. In various instances, the
processor 10610 comprises an ultra-high frequency

RFID reader which communicates at a frequency of
about 868 MHz, for example. The entire disclosure of
U.S. Patent Application Publication No. 2020/0405301,
entitled METHOD FOR AUTHENTICATING THE COM-
PATIBILITY OF A STAPLE CARTRIDGE WITH A SUR-
GICAL INSTRUMENT, which published on December
31, 2020, is incorporated by reference herein. In various
instances, the processor 10610 comprises a Bluetooth
component which communicates at a frequency of about
2.4GHz, for example. In various instances, theprocessor
10610 comprises a Qi wireless charging component
which communicates at a frequency between about
105 kHz and about 205 kHz, for example. In any event,
the processor 10610 comprises input channels and out-
put channels in communication with the instrument an-
tenna 10530 which facilitate direct peer-to-peer commu-
nication with a NFC tag, for example, in communication
with the cartridge antenna 11530, as discussed below.
[0063] Further to the above, the instrument antenna
10530 is configured to supply power and data signals to
the staple cartridge 11000 via the cartridge antenna
11530. As discussed above, the staple cartridge circuit
11500 comprises a plurality of sensors 11600 which
measure at least one property of the staple cartridge
11000and/orat least onepropertyof the tissuesupported
by the staple cartridge 11000. In at least one embodi-
ment, the sensors 11600 comprise capacitance sensors
configured to detect the thickness of the tissue and/or the
amount of fluid, or edema, contained in the tissue, for
example. In at least one embodiment, the sensors 11600
comprise resistance sensors, such as strain gauges, for
example, which measure the strain, or force loading,
within the cartridge body 11100, for example. In any
event, the sensors 11600 require power to measure a
property and produce an output voltage that is detectable
by a cartridge processor 11610 of the staple cartridge
11000. In use, power is delivered to the cartridge coil
11540 from the instrument coil 10540, rectified by a
rectifier 11620, and then filtered by a capacitor 11630
before it is supplied to the sensors 11600. The rectifier
11620 is configured to rectify an AC input to a DC output
for at least one of the output channels of the rectifier
11620. In various instances, the rectifier 11620 is also
configured to conduct the AC input to at least one of its
output channels without rectification. The capacitor
11630 can comprise a low-pass filter and/or a high-pass
filter which can filter out noise and/or extraneous signals
received by the cartridge antenna 11530. The above-
described arrangement, and/or any other suitable ar-
rangement, can be used to supply an appropriate voltage
potential and current to the sensors 11600 and/or the
cartridge processor 11610. The output voltages of the
sensors 11600are supplied to input gates of the cartridge
processor 11610. In at least one instance, the processor
11610 comprises amultiplexer (MUX), for example, con-
figured to co-ordinate the output signals of the sensors
11600 into a single data signal that is transmitted back to
the instrument antenna 10530 via the cartridge antenna
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11530.
[0064] Further to the above, the staple cartridge 11000
comprises a NFC tag 11640 in communication with the
instrument antenna 10530, the rectifier 11620, the pro-
cessor11610,and thecartridgeantenna11530.TheNFC
tag 11640 comprises an input in communication with the
rectifier 11620 which is configured to control and/or limit
the voltage potential applied to the NFC tag 11640. In at
least one instance, the NFC tag 11640 comprises its own
rectifier. Upon receiving an input from the rectifier 11620,
theNFC tag 11640 is configured to output a data signal to
the cartridge antenna 11530 which includes data regard-
ing the staple cartridge 11000. The NFC tag 11640 has
information stored therein regarding the identification of
the staple cartridge 11000 stored therein which is in-
cluded in the data signal. The data signal output by the
NFC tag 11640 is transmitted to the instrument antenna
10530 via the cartridge antenna 11530 which is then
transmitted to a control system of the surgical instrument
10000, such as the instrument processor 10610, for
example, to verify the identification of, or authenticate,
the staple cartridge 11000.
[0065] In various instances, further to the above,many
different types of staple cartridges may be useable with
the surgical instrument 10000. For instance, some staple
cartridges may not comprise a sensor array while other
staple cartridges, such as staple cartridge 11000, for
example, may comprise one or more sensor arrays. If
a staple cartridge does not comprise a sensor array, the
staple cartridge may not need, or cannot use, the power
that can be supplied by the surgical instrument 10000. As
such, the control systemof the surgical instrument 10000
is configured to supply, or not supply, apowersignal to the
staple cartridge seated in the surgical instrument 10000 if
the staple cartridge does not properly respond to an
interrogation signal supplied to the staple cartridge by
the surgical instrument 10000 during an interrogation
procedure. After a staple cartridge is seated in the surgi-
cal instrument 10000, in at least one such instance, the
control system of the surgical instrument 10000 can
instruct the instrument processor 10610 to send an inter-
rogation signal to the instrument antenna 10530 which is
emitted to and received by the cartridge antenna 11530.
In various instances, the interrogation signal is emitted
with a low power of about 10 mW to about 30 mW, for
example, at a frequency thatwill pass through the filtering
in the cartridge circuit 11500 so that the interrogation
signal reaches theNFC tag 11640. TheNFC tag 11640 is
configured to transmit a response signal to the cartridge
antenna 11530 upon receiving the interrogation signal.
The response signal is emitted by the cartridge antenna
11530, received by the instrument antenna 10530, and
conducted to the instrument processor 10610. If the
response signal received by the instrument processor
10610 matches a response signal expected by the in-
strument processor, the staple cartridge 11000 is identi-
fied, or authenticated, by the surgical instrument 10000
and the instrument processor 10610 can supply a high-

wattage power signal to the instrument antenna 10530 to
power thestaplecartridge11000. Inat least one instance,
the high-wattage power signal can beabout 1Wand/or in
excess of 1 W, for example. In various instances, the
wattage of the power signal supplied to the instrument
antenna 10530 can depend on the staple cartridge that
has been identified. For instance, if a first type of staple
cartridge is identified, then a first wattage is used and, if a
second type of staple cartridge is identified, then a sec-
ond, or different, wattage is used. However, the control
system of the surgical instrument 10000 is configured to
not supply a power signal to the instrument antenna
10530 if a response signal is not received from the staple
cartridge. If a response signal is received from the staple
cartridge seated in the surgical instrument 10000, but not
recognized, then the control system can be configured to
perform one of two responses. In a first instance, the
control system is configured to not supply a power signal
to the staple cartridge if the received response signal is
not recognized while, in a second instance, the control
system is configured to supply a low-power signal if the
received response signal is not recognized. In at least
one instance, the lower power signal can be about 0.1W,
for example. In such instances, the sensors and electro-
nic circuitmay be sufficiently powered to transmit a return
data signal that includes data from the sensors while
reducing the risk of overpowering the staple cartridge.
[0066] In various instances, the surgical instrument
10000 is configured to initiate a cartridge interrogation
routine when the surgical instrument 10000 is initially
powered on and/or when the surgical instrument
10000 is woken up from a low-power sleep mode. In
such instances, the surgical instrument 10000 interro-
gates the staple cartridge to assess whether to supply
power to the staple cartridge and the level of power to
supply to the surgical instrument 10000. That said, ab-
sent additional information, the control system of the
surgical instrument 10000 may be unable to differentiate
betweenwhether the staple cartridge is not identifiable or
it ismissing altogether if a response signal is not received
following the interrogation signal. To this end, the surgical
instrument10000comprisesacartridgepresencesensor
configured to detect whether a staple cartridge is seated
in the cartridge jaw of the end effector 10400. In at least
one instance, the cartridge presence sensor comprises a
Hall Effect sensormounted in the cartridge jaw of the end
effector 10400 which is configured to detect a metallic
element in the staple cartridge, for example. In at least
one instance, the cartridge presence sensor comprises a
pressure sensor that is compressed by the staple car-
tridge when the staple cartridge is seated in the cartridge
jaw of the end effector 10400. In either event, the car-
tridge presence sensor is in communication with the
control system of the surgical instrument 10000. If the
control system receives a signal that a staple cartridge is
seated in the cartridge jaw but does not receive a re-
sponse signal from the staple cartridge, in various in-
stances, then the control systemdoesnot supply a power
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signal to the staple cartridge but permits the surgical
instrument 10000 to be operated to fire the staples from
the staple cartridge. If the control system receives a
signal that a staple cartridge ismissing from the cartridge
jaw, then the control system does not supply a power
signal and it also electronically locks out the staple firing
system until a staple cartridge is seated in the cartridge
jaw.
[0067] When the staple cartridge11000 is seated in the
cartridge jaw of the surgical instrument 10000, referring
again to FIG. 6, the power signal and the data signal can
be transmitted simultaneously from the instrument an-
tenna 10530 to the cartridge antenna 11530.Moreover, a
data signal can be transmitted from the staple cartridge
11000 to the surgical instrument 10000 at the same time
that power is being delivered from the surgical instrument
10000 to the staple cartridge 11000. Referring now to
FIG. 7, the control systemof a surgical instrument 10000’
is configured and arranged to supply power and data
signals intermittently to a staple cartridge 11000’. In at
least one instance, the control system is configured to
alternately deliver low-power signals and high-power
signals to the instrument antenna 10530 to respectively
transmit data and power to an electronic circuit 11500’ of
the staple cartridge 11000’, but not at the same time. In at
least one such instance, the control system delivers low-
power signals having a power of about 0.1 W and high-
power signals over1W, for example.Asdiscussedabove
in connection with FIG. 6, the instrument processor
10610 comprises a NFC reader chip that generates
and supplies both the power and data signals to the
staple cartridge 11000 simultaneously. On the other
hand, FIG. 7 depicts a control system including a NFC
reader chip 10610’ that generates a data signal and a
separate power driver 10620’ that generates a power
signal. The NFC reader chip 10610’ and the power driver
10620’ are incommunicationwith the instrumentantenna
10530 and are configured to sequentially supply the
separate data andpower signals to the cartridge antenna
11530 via the instrument antenna 10530. In at least one
instance, the NFC reader chip 10610’ and the power
driver 10620’ are in communication with a multiplexer,
for example, which co-ordinates the sequential transmis-
sion of the data and power signals to the staple cartridge
11000’.
[0068] As discussed above in connection with FIG. 7,
data signals and power signals are transmitted between
the surgical instrument and the staple cartridge 11000’ in
an alternating manner. In various instances, the surgical
instrument supplies power to the staple cartridge 11000’
until the instrument processor has data to transmit to the
staple cartridge 11000’. At such point, the instrument
processor stops the power signal and then emits the data
signal. After the instrument processor has emitted the
data signal, the instrument processor is configured to
resume the power signal. The data signal and the power
signal are transmitted at different frequencies, but could
be emitted at the same frequency in other embodiments.

In either event, the power signal is emitted at a higher
intensity than the data signal. In various embodiments,
the processor of the staple cartridge 11000’ is configured
to emit a pause signal to the surgical instrumentwhen the
processor has data to transmit to the surgical instrument.
After receiving the pause signal, the instrument proces-
sor stops the power signal or does not generate the
power signal until after receiving the data from the staple
cartridge 11000’. In at least one such embodiment, the
surgical instrument can emit a paused signal back to the
staple cartridge 11000’ after receiving the pause signal
from the staple cartridge. Upon receiving the paused
signal from the surgical instrument, the staple cartridge
is configured to emit the data signal to the surgical
instrument.
[0069] Referring now to FIGS. 8 and 8A, a surgical
instrument 10000" comprises adata antenna 10530" and
a separate power transmission antenna 10535" that are
used to communicate with and supply power to a staple
cartridge 11000" seated in a cartridge jaw of the surgical
instrument 10000". The data antenna 10530" is in com-
munication with the NFC reader chip 10610’. The power
driver 10620’ is in communication with the power trans-
mission antenna 10535". The data antenna 10530" com-
prises a coil 10540" that is aligned with a coil 11540" of a
cartridge data antenna 11530" when the staple cartridge
11000" is seated in the cartridge jaw. In at least one
instance, the coil 10540" is wound in a plane which is
parallel to, or at least substantially parallel to, a plane that
defines the cartridge coil 11540". The instrument coil
10540" and the cartridge coil 11540" are the same size,
or at least substantially the same size, but can be any
suitable size. The instrument coil 10540" comprises a
primary coil that comprisesa first number ofwindingsand
the cartridge coil 11540" comprises a secondary coil that
comprisesa secondnumberofwindingswhich, in at least
one embodiment, is greater than the first number of
windings. Such an arrangement can improve the trans-
mission coefficient between the instrument data antenna
10530" and the cartridge data antenna 11530". The
power transmission antenna 10535" comprises a coil
10545" that is aligned with a coil 11545" of a cartridge
power antenna 11535" when the staple cartridge 11000"
is seated in the cartridge jaw. In at least one instance, the
instrument coil 10545" is wound in a plane which is
parallel to, or at least substantially parallel to, a plane
that defines the cartridge coil 11545". The instrument coil
10545" and the cartridge coil 11545" are the samesize, or
at least substantially the same size, but can be any
suitable size. The instrument coil 10545" comprises a
primary coil that comprisesa first number ofwindingsand
the cartridge coil 11545" comprises a secondary coil that
comprisesa secondnumberofwindingswhich, in at least
one embodiment, is greater than the first number of
windings. Such an arrangement can improve the trans-
mission coefficient between the power transmission an-
tenna 10535" and the cartridge power antenna 11535".
[0070] Further to the above, the staple cartridge
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11000" comprises a rectifier 11620andacapacitor 11630
in communication with the cartridge power antenna
11535". Similar to the above, the rectifier 11620 and
the capacitor 11630 are configured to rectify, filter, and/or
modify the power signal supplied to the staple cartridge
11000" from the power transmission antenna 10535"
before the power is supplied to a sensor of the staple
cartridge 11000". The staple cartridge 11000" further
comprises a NFC tag 11640 in communication with the
cartridge data antenna 11530". Similar to the above, the
control system of the surgical instrument 10000" can
interrogate the NFC tag 11640 with an interrogation
signal that is generated by the NFC reader chip 10610"
and emitted to the NFC tag 11640 via the coupled data
antennas 10530" and 11530". Upon receiving the inter-
rogation signal, the NFC tag 11640 is configured to gen-
erate a response signal that is emitted back to the NFC
reader chip 10610’ via the coupled data antennas 10530"
and 11530". TheNFC tag 11640 is also in communication
with a cartridge processor 11610" of the staple cartridge
11000" which, similar to the above, is configured to
receive data from the cartridge sensors, generate a data
signal comprising the sensor data, and supply the data
signal to the NFC tag 11640 and the cartridge data
antenna 11530". The data signal supplied to the cartridge
data antenna 11530" is transmitted to the NFC reader
chip 10610’ via the instrument data antenna 10530" and
is then used by the control system to interpret a property
of the surgical instrument 10000", the staple cartridge
11000", and/or the tissue captured against the staple
cartridge 11000", for example. Notably, the cartridge
processor 11610" is also in communication with the car-
tridge power antenna 11535" of the staple cartridge
11000" and can, in various embodiments, supply power
to the NFC tag 11640 from the cartridge power antenna
11535".
[0071] As detailed above, the surgical instrument
10000" and the staple cartridge 11000" comprise a first
paired antenna system for communicating data and a
second paired antenna system for communicating
power. In various embodiments, the first paired antenna
system is positioned on a first lateral side 11170 of the
staple cartridge 11000" and the second paired antenna
system ispositionedonasecond,oropposite, lateral side
11180 of the staple cartridge 11000". In at least one such
embodiment, the cartridge jaw of the surgical instrument
10000" comprises a channel including a bottom wall, a
first lateral sidewall extending from a first side of the
bottomwall, anda second lateral sidewall extending from
a second, or opposite, side of the bottom wall. When the
staple cartridge 11000" is seated in the cartridge jaw, the
staple cartridge 11000" is positioned between the first
lateral sidewall and the second lateral sidewall and
pushed downwardly toward the bottom wall until snap
features and/or lock features of the staple cartridge
11000" engage the cartridge jaw which releasably lock
the staple cartridge 11000" in place in the cartridge jaw. In
at least one such embodiment, the first instrument an-

tenna is mounted to the first sidewall and the second
instrument antenna is mounted to the second sidewall
and,moreover, the first cartridge antenna ismounted to a
first lateral side of the cartridge body and the second
cartridge antenna is mounted to a second lateral side of
the cartridge body. When the staple cartridge 11000" is
seated in the cartridge jaw, the first cartridge antenna
becomes aligned with the first instrument antenna and,
likewise, the second cartridge antenna becomes aligned
with the second instrument antenna. By placing the first
paired antenna system on one lateral side and the sec-
ond paired antenna system on the opposite lateral side,
the possibility of one paired antenna system interfering
with the other is reduced. In various instances, the first
paired antenna system is operated within a first fre-
quency range and the second paired antenna system
is operatedwithin a second, or different, frequency range
that does not overlap with the first frequency range such
that the possibility of one paired antenna system inter-
fering with the other is reduced. To this end, further to the
above, the instrument antennas and/or the cartridge
antennas can comprise one or more capacitors which
can filter frequencies outside of the intended operating
frequency range for each of the paired antenna systems.
[0072] In various instances, further to the above, the
cartridge data antenna 11530" is mounted to the first
lateral side of the cartridge body 11100 and the cartridge
power antenna 11535" is mounted to the second lateral
side of the cartridge body 11100. More specifically, the
coils 11540" and 11545" of the antennas 11530" and
11535", respectively, are mounted on the proximal ends
of their respective sides, i.e., they are positioned much
closer to the proximal end 11110 of the staple cartridge
11000" than the distal end 11120. As a result, the car-
tridge data antenna 11530" and the cartridge power
antenna 11535" can be shorter than if they were posi-
tioned at the distal end 11120 of the staple cartridge
11000" and are, as a result, less susceptible to interfer-
ence. In various alternative embodiments, the coils
11540" and 11545" are mounted at or near the centerline
between the proximal end 11110 and the distal end 11120
of the staple cartridge 11000". In such an arrangement,
the distance between the cartridge data coil 11540" and
the sensors mounted to the cartridge body 11100 can be
shortened as compared to when the cartridge data coil
11540" is mounted to the proximal end 11110 of the
cartridge body 11100, thereby reducing the possibility
of the sensor outputs being corrupted before the sensor
outputs are processed and transmitted via the cartridge
data coil 11540".
[0073] In various embodiments, further to the above,
the coils 11540" and 11545" are mounted to the cartridge
body 11100 and/or the pan 11700 (FIG. 5A) of the staple
cartridge. In at least one embodiment, the cartridge body
11100 comprises a recessed pocket defined in the lateral
side thereof and the coils 11540" and 11545" are posi-
tioned in the recessed pocket. In at least one such
embodiment, a potting material is poured into the re-
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cessed pocket to secure, seal, and/or protect the coils
11540"and11545"within thepocket. Thepottingmaterial
cancompriseasealinggluesuchasTECHNOMELT from
Eastern Adhesive Systems Technology, Inc., for exam-
ple, a light-cured acrylic adhesive such as LOCTITE
3321 from Henkel Corporation, for example, wax, and/or
paraffin, for example. In various instances, the potting
material can comprise an air-cured material.
[0074] In various embodiments, the antenna coils
11540" and 11545" are enclosed in the cartridge body
using one or more manufacturing processes. In at least
oneembodiment, the cartridgebody11100 is formedbya
two-shot injection molding process. In at least one such
embodiment, a first plastic component, or core, ismolded
during a first injection molding process, the coils 11540"
and 11545" are attached to the core, and then a second
injection molding process is used to at least partially
cover, enclose, seal, and/or protect the coils 11540"
and 11545". In at least one embodiment, the coils
11540" and 11545" are positioned in a recess or pocket
defined in the cartridge body and a cover is attached to
the cartridge body 11100 which at least partially covers,
encloses, seals, and/or protects the coils 11540" and
11545". In at least one such embodiment, the cover is
snap-fit and/or press-fit to the cartridge body 11100. In
certain embodiments, an ultrasonic staking process is
used to attach the cover to the cartridge body 11000.
[0075] The above-described materials and methods
for attaching the antenna coils 11540" and 11545" to
the cartridge body 11100 can also be used to attachRFID
tags to the sled 11400 and/or staple drivers 11300. In
such embodiments, the positions and/or motions of the
sled 11400 and/or staple drivers 11300 can be tracked by
the control systemof the staple cartridge 11000 using the
RFID tags attached to and/or embedded within the sled
11400 and/or staple drivers 11300.
[0076] As discussed above, the surgical instrument
10000 comprises a shaft 10200 extending distally from
a handle and/or an instrument housing configured to be
mounted to the arm of a robotic surgical system. In
various instances, the shaft 10200, the handle 10100,
the instrument housing, and/or the robotic surgical sys-
tem can comprise an instrument processor in commu-
nication with the staple cartridge through one or more
antenna couples, as discussed above. To facilitate com-
munication between the instrument processor and the
cartridge processor, the shaft 10200 comprises a wiring
harness including the instrument antennas. In at least
one such embodiment, the wiring harness comprises a
flex circuit 10900 (FIG. 11B) including a flexible substrate
and conductive wires, or traces, extending within the
flexible substrate. In variousembodiments, theflexcircuit
10900 comprises a stack of conductive and insulative
layers, for example.Referring toFIG. 8C, thedistal endof
a flex circuit of the surgical instrument 10000" includes
the coils 11540" and 11545" which comprise embedded
wires within the non-conductive substrate of the flex
circuit.

[0077] Further to the above, the distal end of the flex
circuit is mounted to the sidewall of the first jaw 10410 by
one or more adhesives, for example. In at least one
embodiment, ferrite components can be mounted to
and/or embedded within the substrate of the flex circuit
to control the fields emitted by the coils 11540" and
11545". In at least one embodiment, the ferrite compo-
nents are positioned intermediate the first jaw 10410 and
the coils 11540" and 11545". Moreover, electronic com-
ponents can be mounted to and/or embedded within the
substrate of the flex circuit which condition and/or amplify
the signals emitted by the coils 11540" and 11545". In at
least one such embodiment, one or more capacitors are
embedded in the flex circuit which filter out low and/or
high frequencies. Moreover, in at least one such embodi-
ment, one ormore amplification circuits are embedded in
theflexcircuitwhichcanboost and/or control thepowerof
the signals being emitted by the coils 11540" and 11545".
In various embodiments, the first jaw 10410 and/or the
second jaw 10420 are comprised of metal and are con-
figured to minimize the impact of the metal jaws on the
fields emitted by the coils 11540" and 11545". In at lest
one embodiment, the cross-sections of the metal jaws
are designed to create a uniform, or substantially uni-
form, area that shields, or substantially shields, external
signals from interfering with signals within the end effec-
tor 10400.
[0078] In embodiments where the coils 11540" and
11545" are mounted to the cartridge body 11000 and
the coils 10540" and 10545" are mounted to the first jaw
10410, the pan 11700 can comprise one or more win-
dows defined therein such that the coils 10540" and
11540" of the data coil set have a direct line-of-sight with
oneanother and the coils 10545"and11545"of thepower
coil set have a direct line-of-sight with one another. In
embodiments where the coils 11540" and 11545" are
mounted to the pan 11700, the coils 10540" and
11540" of the data coil set have a direct line-of-sight with
oneanother and the coils 10545"and11545"of thepower
coil set have a direct line-of-sight with one another.
[0079] In various embodiments, the antennas of the
surgical instrument 10000" and/or the antennas of the
staple cartridge 11000" comprise coil antennas. That
said, a surgical instrument and/or staple cartridge can
comprise any suitable type of antennas. In at least one
instance, the surgical instrument and/or the staple car-
tridge can comprise a slot antenna. In at least one such
embodiment, a slot antenna comprises a flat plate with
one or more holes or slots cut out. One or more slot
antennas can bemounted to the sidewalls and/or bottom
wall of the first jaw10410while one ormore slot antennas
can be mounted to the pan 11700. In various embodi-
ments, a slot antenna can be integrally-formed with the
first jaw 10410 and/or the pan 11700, for example.
[0080] In various embodiments, a surgical instrument
and/or staple cartridge can comprise an active cancella-
tion system including a control systemwhichmonitors for
environmental magnetic and/or electrical fields and their
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frequencies and emits signals through one or more an-
tennas to cancel, or at least partially cancel, the environ-
mental fields.
[0081] In various embodiments, the cartridge body of a
staple cartridge comprises conductive traces plated on a
plastic substrate, which can be made of a liquid crystal
polymer suchasVECTRA fromTicona, for example. In at
least one embodiment, the conductive traces are elec-
troplated on the plastic substrate and/or plated onto the
plastic substrate using a vapor deposition process, for
example. In at least one embodiment, the electrical
traces are comprised of a conductive ink that is printed
onto the plastic substrate, for example. In various in-
stances, the tracesare comprisedof silver and/or copper,
for example. In various embodiments, the cartridge body
comprises recesses defined in the plastic substrate
where conductive traces are plated onto the plastic sub-
strate in the recesses. In at least one embodiment, the
recesses are laser-etched into the plastic substrate. In
various embodiments, a non-conductive material is
printed onto the conductive traces to cover the conducive
traceswhere it isnotdesired for the tissue, for example, to
touch the conductive traces. Such a non-conductive
material can also control the fields produced by the
conductive traces. In various embodiments, the plastic
substrate is formed by a three-dimensional printing pro-
cess using a non-conductive material and a conductive
material, such as graphene-imbedded polylactic acid
(PLA). In at least one such embodiment, conductive
material is printed into conductive traces that are at least
partially embedded in the non-conductive material.
[0082] In various embodiments, further to the above,
the staple cavities 11140 are arranged in three longitu-
dinal rows on a first side of the cartridge deck 11130 and
three longitudinal rows on a second, or opposite side, of
the cartridgedeck11130.After the staple firing strokehas
been performed, the patient tissue has been incised with
three rows of staples on both sides of the incision to seal,
or at least substantially seal, the tissue. That said, im-
planting two rows of staples on both sides of the incision,
instead of three, has been shown to be clinically accep-
table. As such, the third row of staples does not need to
comprise a continuous row of staples. Instead, in at least
one embodiment, at least some of the staple cavities
11140 in the outermost rows house a sensor therein
instead of staple and a staple driver. In at least one such
embodiment, a force-sensitive sensor is positioned in a
staple cavity 11140. The force-sensitive sensor com-
prisesa tissuecontact element slideablewithin the staple
cavity 11140 that is sized and configured to match, or at
least substantially match, the perimeter of the staple
cavity 11140 such that the motion of the tissue contact
element is limited, or at least substantially limited, to the
ejection axis of the staple cavity 11140. The force-sensi-
tive sensor further comprises a base mounted to the
cartridge deck 11130 and a spring, such as a linear coil
spring, for example, positioned intermediate the base
and the tissue contact element. When the end effector

10400 is clamped onto the patient tissue, the tissue
contacts the tissue contact element and compresses
the spring. The force-sensitive sensor further comprises
a magnetic element mounted to the tissue contact ele-
ment, the motion of which is detectable and measurable
by a Hall Effect circuit in the cartridge deck 11130, for
example. The Hall Effect circuit is in communication with
the cartridge processor which is configured to analyze
the voltage output to assess whether there is tissue
positioned over the force-sensitive sensor and the force
being applied to the tissue at the force-sensitive sensor.
The staple cartridge 11000 can comprise any suitable
number of force-sensitive sensors. For instance, in at
least one embodiment, both of the outermost rows of
staple cavities 11140 comprises a sensor at the distal end
of thestaplecartridge11000,asensorat theproximalend
of the staple cartridge 11000, and at least one sensor
positioned intermediate the distal sensor and the prox-
imal sensor. The above being said, the staple cartridge
can comprise any suitable type of sensor and/or number
of sensors in the staple cavities.
[0083] In at least one embodiment, further to the
above, some of the staple cavities 11300 can include a
typical staple driver positioned therein, but not a staple,
and at least a portion of a sensor extending over the
staple cavity. In at least one such embodiment, the por-
tion of the sensor extending over the staple cavity is
frangible and is configured to break, or snap, when the
staple driver is driven upwardly toward the anvil during
the staple firing stroke. Such an arrangement can be
used to progressively cut off sensors from the cartridge
processor as the staple firing stroke progresses. Such an
arrangement can be used to conserve processing power
and/or track the progress of the staple firing stroke,
among other things.
[0084] The entire disclosures of U.S. Patent No.
8,622,274, entitled MOTORIZED CUTTING AND FAS-
TENING INSTRUMENT HAVING CONTROL CIRCUIT
FOR OPTIMIZING BATTERY USAGE, U.S. Patent No.
10,135,242, entitled SMART CARTRIDGE WAKE UP
OPERATION AND DATA RETENTION, U.S. Patent
No. 10,548,504, entitled OVERLAID MULTI SENSOR
RADIO FREQUENCY (RF) ELECTRODE SYSTEM
TO MEASURE TISSUE COMPRESSION, U.S. Patent
No. 9,993,248, entitled SMART SENSORS WITH LO-
CAL SIGNAL PROCESSING, U.S. Patent Application
Publication No. 2016/0256071, entitled OVERLAID
MULTI SENSOR RADIO FREQUENCY (RF) ELEC-
TRODE SYSTEM TO MEASURE TISSUE COMPRES-
SION, now U.S. Patent No. 10,548,504, U.S. Patent
ApplicationNo. 2018/0168625, entitledSURGICALSTA-
PLING INSTRUMENTS WITH SMART STAPLE CAR-
TRIDGES, U.S. Patent Application No. 2018/0250002,
entitledPOWEREDSURGICALDEVICESHAVINGTIS-
SUE SENSING FUNCTION, and International Patent
Publication No. WO 2018/049206, entitled STAPLER
RELOAD DETECTION AND IDENTIFICATION, are in-
corporated by reference herein.
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[0085] In various instances, referring toFIG. 9, a staple
cartridge 12000 comprises an identification circuit 12100
and a power supply circuit 12200 which are independent
fromoneother.The identificationcircuit 12100comprises
a passive RFID system 12110, for example, which is
energized when an interrogation signal is transmitted
to the cartridge data antenna 11530" from the instrument
data antenna 10530". The identification circuit 12100 is
self-contained and does not receive power from the
power supply circuit. The passive RFID system 12110
does not comprise a power source and is powered by the
interrogation signal. Once the passive RFID system
12110 has received the interrogation signal, the passive
RFID system 12110 transmits a response signal back to
the surgical instrument via the cartridge data antenna
11530" that includes data regarding the identification of
the staple cartridge 12000. The surgical instrument com-
prises an RFID reader chip 12610 which is configured to
receive and process the response signal from the pas-
sive RFID system 12110. In at least one alternative
embodiment, the independent identification circuit com-
prises an active RFID system that includes its own power
source. In such an embodiment, the active RFID system
can comprise a beacon that periodically emits an identi-
fication signal that has enough power to be received by
the instrument data antenna 10530".
[0086] In various embodiments, further to the above,
the independent power supply circuit 12200 of the staple
cartridge 12000 comprises a cartridge power antenna
11535" configured to receive power from the power
transmission antenna 10535" of the surgical instrument.
In various instances, similar to the above, the staple
cartridge 12000 is configured to transmit a data signal
back to the surgical instrument across thepower antenna
couple including the antennas 10535" and 11535" that
includes data from the sensor array 11600 of the staple
cartridge 12000. In certain instances, the staple cartridge
12000 comprises a third antenna configured to transmit
sensor data back to the surgical instrument across a low-
power antenna couple which is separate and indepen-
dent from the power antenna couple of the power circuit
12200 and the cartridge identification circuit 12100. In
such instances, power is transmitted from the surgical
instrument to the staple cartridge across a power anten-
na couple, identification signals are transmitted between
the surgical instrument and the staple cartridgeacrossan
identification signal antenna couple, and sensor data is
transmitted from the staple cartridge to the surgical in-
strument across a sensor data signal antenna couple.
[0087] In various embodiments, referring to FIG. 10, a
staple cartridge 13000 comprises a cartridge power an-
tenna 11535" and a cartridge data antenna 11530" which
areboth coupled toasingle instrument antenna13530. In
at least one such embodiment, the single instrument
antenna 13530 comprises a coil 13540 which is defined
in an instrument coil plane, the cartridge data antenna
11530" comprises a coil 11540" defined in a data coil
plane, and the cartridge power antenna 11535" com-

prises a coil 11545" defined in a power coil plane. The
coils 13540, 11540", and 11545" are stacked such that
signals transmitted by the single instrument antenna
13530 are received by the cartridge data antenna
11530" and the cartridge power antenna 11535". In at
least one instance, the coils 13540, 11540", and 11545"
may be positioned on one lateral side of the staple
cartridge 13000. In various instances, the coils 13540,
11540", and 11545" may be positioned on the bottom of
thestaple cartridge13000. In various instances, itmaybe
desirable for the cartridgedataantenna11530" to receive
signals at a lower power than the cartridge power anten-
na 11535". In at least one such instance, the coils 13540,
11540", and 11545" are stacked such that the cartridge
power coil 11545" is positioned intermediate the instru-
ment antenna coil 13540 and the cartridge data coil
11540". In such instances, as a result, the intensity of
the signals emitted by the instrument antenna coil 13540
is greater at the cartridge power coil 11545" than at the
cartridge data coil 11540". In various instances, the coils
13540, 11540", and 11545" are spaced equally, or equi-
distant, from one another. In other instances, the gap
between the cartridge data coil 11540" and the cartridge
power coil 11545" is larger than the gap between the
cartridge power coil 11545" and the instrument antenna
coil 13540. In such instances, the power transmitted to
the cartridge data coil 11540" may be substantially lower
than the power transmitted to the cartridge power coil
11545". In various alternative embodiments, the instru-
ment antenna coil 13540 is positioned intermediate the
cartridge data coil 11540" and the cartridge power coil
11545" and the coils 11540" and 11545" can be posi-
tioned at any suitable distance from the instrument an-
tenna coil 13540.
[0088] Referring to FIG. 10 once again, the instrument
antennas 10530" and 10535" are used to emit fields that
interact with the cartridge antennas 11530" and 11535".
In various instances, the fields emitted by the instrument
antennas 10530" and 10535" are emitted omni-direction-
ally. As a result, a significant amount of power may be
emitted by the instrument antennas 10530" and 10535"
which is not received by the cartridge antennas 11530"
and 11535". In various instances, the surgical instrument
is configured to shape the fieldsemittedby the instrument
antennas 10530" and 10535". In at least one instance,
the surgical instrument comprises one or more metal
walls which surround the instrument data antenna
10530" and/or the power transmission antenna 10535",
for example.Suchmetalwalls can limit the intensity of the
emitted fields in directions which are not toward the
cartridge antennas 11530" and 11535". In at least one
instance, the metal walls form a horn which directs the
emitted fields from the coil of an instrument antenna
toward the coil of the corresponding cartridge antenna.
In at least one such instance, themetal walls extend from
ametal sidewall and/or metal bottomwall of the cartridge
jaw, for example. In various instances, a ferrite ring, for
example, can be positioned around the coil of an instru-
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ment antenna to tunnel the emitted field toward the coil of
the corresponding cartridge antenna. In at least one such
instance, the ferrite ring ismounted to the sidewall and/or
bottom wall of the cartridge jaw, for example. In various
instances, the staple cartridge 11000" comprises metal
walls which direct the fields emitted from an instrument
antenna toward the coil of the corresponding cartridge
antenna. In at least one such instance, the metal walls
form a horn mounted to the cartridge body of the staple
cartridgewhich is comprisedof plastic, for example.Also,
in various instances, the staple cartridge comprises fer-
rite material which is configured to direct and/or amplify
the fields emitted by the coils of the instrument antennas
to the corresponding cartridge antennas. The entire dis-
closures of U.S. Patent No. 10,135,242, entitled SMART
CARTRIDGE WAKE UP OPERATION AND DATA RE-
TENTION, which issued on November 20, 2018, U.S.
Patent No. 9,345,481, entitled STAPLE CARTRIDGE
TISSUE THICKNESSSENSORSYSTEM, which issued
onMay 24, 2016, andU.S. Patent No. 9,872,722, entitled
WAKE-UP SYSTEM AND METHOD FOR POWERED
SURGICAL INSTRUMENTS, which issued on January
23, 2018, are incorporated by reference herein.
[0089] As discussed above, referring again to FIG. 5A,
the staple cartridge 11000 comprises a metal pan 11700
attached to the cartridge body 11100. The metal pan
11700 comprises a floor 11710 that extends around the
bottom of the cartridge body 11100 and is configured to
prevent the staple drivers 11300 and/or the staples from
falling out of the bottomof the staple cartridge 11000. The
metal pan 11700 comprises a first sidewall 11720 that
extends alongside the first lateral side of the cartridge
body 11100 and a second sidewall 11720 that extends
alongside the second lateral side of the cartridge body
11100. The first sidewall 11720 is attached to the car-
tridge body 11100 via one or more attachment features
11730 such as a hook and/or shoulder retainer, for ex-
ample. Similar to the first sidewall 11720, the second
sidewall 11720 is attached to the cartridgebody11100via
one or more attachment features 11730 such as a hook
and/or shoulder retainer, for example. The metal pan
11700 is comprised of any suitable metal, such as stain-
less steel, for example. In various embodiments, the
metal pan 11700 can also include portions comprised
of plastic and/or any other suitable material. In various
instances, the cartridge antennas are mounted to the
metal pan 11700. In at least one such instance, the
cartridge data coil 11540" and/or the cartridge power coil
11545" is mounted to the metal pan 11700 which can
position the coils closer to their respective instrument
antennas and improve the transmission efficiency of the
antennas.
[0090] In various embodiments, a surgical instrument
and/or staple cartridge can comprise a mask or shield
configured to control, block, and/or direct signals emitted
by the surgical instrument and/or the staple cartridge. In
at least one embodiment, a mask is comprised of ferrite,
for example. In at least one embodiment, the cartridge

jaw comprises metal wall shields extending from the
sidewalls and/or bottom walls. In at least one embodi-
ment, the pan and/or cartridge body of a staple cartridge
comprises metal wall shields contained therein and/or
extending therefrom. In at least one embodiment, the
mask is configured to limit thedirection inwhich thesignal
is emitted and/or received. In various embodiments, a
surgical instrument and/or staple cartridge comprises a
horn antenna configured to direct a signal emitted there-
from. In at least one embodiment, a surgical instrument
and/or staple cartridge can comprise an antenna com-
prised of a metal wall. In at least one such embodiment,
the cartridge jaw of the surgical instrument is comprised
of metal walls, at least one of which is used as an
antenna. Moreover, in at least one such embodiment,
thepanof thestaple cartridge is comprisedofmetalwalls,
at least one of which is used as an antenna. In various
embodiments, one or more capacitors or capacitive ele-
ments are soldered to the pan of the staple cartridge
which can filter out unwanted frequencies being con-
ducted within and/or transmitted through the pan.
[0091] Referring to FIG. 11, a staple cartridge, such as
staple cartridge 14000, for example, comprises a car-
tridge body 11100 and an electronic circuit 11500 includ-
ing sensors 11600. The staple cartridge 14000 is similar
to the other staple cartridges disclosed herein in many
respects and such respects are not discussed herein for
the sake of brevity. As discussed above, the cartridge
body 11100 comprises a deck 11130 and longitudinal
rows of staple cavities 11140 defined in the deck
11130. Each staple cavity 11140 comprises a staple
stored therein that is driven upwardly out of the staple
cavity 11140 by a staple driver during a staple firing
stroke. Each staple comprises a base and two legs ex-
tending from the base such that the legs extend generally
upwardly and outwardly to form a V-shape configuration.
In various instances, the legs of the staple are resiliently
deflected inwardly by the proximal and distal end walls of
the staple cavity 11140 when the staple is stored in the
staple cavity 11140. When the staple is driven upwardly
out of the staple cavity 11140, the legs of the staple
emerge from the staple cavity 11140 and extend above
the deck 11130 while the rest of the staple is pushed
upwardly out of the staple cavity 11140. The cartridge
body 11100 comprises projections 11132 (FIG. 5B) ex-
tending from the deck 11130 which are configured to
guide and/or control the legs of the staples as the staples
are being ejected from the staple cavities 11140. A pro-
jection 11132 is positioned at the distal end of each staple
cavity 11140 andat the proximal end of each staple cavity
11140. However, alternative embodiments are envi-
sioned in which a projection 11132 is positioned at only
one end of each staple cavity 11140. Moreover, various
embodiments are envisioned in which some of the staple
cavities 11140 do not comprise projections 11132 at the
ends thereof. The projections 11132 are further config-
ured to engage the patient tissue positioned against the
deck 11130 and limit the flow or movement of the patient
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tissue relative to the deck 11130.
[0092] In various embodiments, the electronic circuit
11500 comprises a substrate including features engaged
with the projections 11132. In at least one embodiment,
the substrate comprises apertures defined therein, the
sidewalls of which are engaged with the projections
11132. The apertures are in a snap-fit and/or press-fit
arrangement with the projections 11132 such that the
electronic circuit 11500 is held in position relative to the
cartridge body 11100. In at least one embodiment, the
projections 11132 comprise at least partially annular or
circumferential shoulders which hold the sensor circuit
11500 against the cartridge body 11100.
[0093] In various embodiments, a sensor circuit of a
staple cartridge is comprised of a conductive material
printed on the deck of the cartridge body. In at least one
embodiment, the conductive material is comprised of
metal particles bonded to the deck which form an elec-
trical circuit connecting the sensors. In at least one such
embodiment, the printed electrical circuit is printed onto
the cartridge body with a three-dimensional printer. In
various embodiments, the sensor circuit comprises elec-
trodes, or contacts, that are printed onto the cartridge
body. In at least one embodiment, the sensor circuit
comprises electrodes which comprise a polygonal sur-
face configured to contact the tissue. In at least one
alternative embodiment, the electrodes comprise a
curved and/or tortuous path on the deck surface which,
in various instances, can increase the contact area be-
tween the electrodes and the tissue. In at least one
embodiment, theelectrodescompriseneedlesextending
therefromwhichare configured to penetrate the tissue. In
at least one embodiment, the needles comprise a dia-
meter of about 1 µm, for example. In various instances,
the needles provide parallel signal paths between the
tissue and the sensor circuit within one electrode to
improve the sensitivity of the sensor circuit. In at least
one embodiment, a conductive grease or conductive
viscous agent covers the tissue contact points of the
sensor circuit which improves the contact between the
electrodes and the tissue. In various embodiments, por-
tions of the sensor circuit are embedded in the cartridge
body. In at least one such embodiment, the sensor circuit
comprises flat, thin conductors that are embedded into
the cartridgebodywhenaplasticmaterial, for example, is
overmolded onto portions of the conductors. Portions of
the conductors, however, remain exposed to provide
tissue engaging pads and/or electrically-conductive at-
tachment points for soldering sensors thereto. In at least
one embodiment, part of the cartridge sensor circuit can
be defined on the lateral sidewalls of the cartridge jaw. In
at least one such embodiment, a proximal portion and a
distal portion of the sensor circuit are defined on the
cartridge body and an intermediate portion of the sensor
circuit is defined on the cartridge jaw that electrically
connects the proximal portion and the distal portion of
the sensor circuit. In at least one embodiment, the por-
tions of the sensor circuit mounted to the cartridge jaw

comprise conductive strips mounted to the sidewalls.
When the staple cartridge is seated in the cartridge
jaw, the cartridge sensor circuit engages the conductive
strips to complete the circuit.
[0094] As discussed above, a sensor circuit can in-
clude conductive tissue-contacting surfaces. In various
embodiments, a sensor circuit can include non-conduc-
tive tissue-contacting surfaces. In at least one embodi-
ment, a sensor circuit comprises one or more capacitive
electrodes. In various instances, projected capacitance
measurement techniques are used to measure the pre-
sence of the tissue over the capacitive electrodes and/or
a property of the tissue over the capacitive electrodes. In
at least one embodiment, each capacitive electrode
comprisesan insulativecoveringwhichcoverscapacitive
pads contained therein. In various instances, further to
the above, surface capacitance measurement techni-
ques can be used. In various embodiments, a sensor
circuit comprises one or more inductive sensors. In at
least oneembodiment, aneddycurrent is induced ineach
of the inductive sensors which changes when the tissue
contacts the sensors. In suchembodiments, the changes
to the sensor eddy currents are detected by the control
system of the staple cartridge. In various embodiments,
the sensor circuit can comprise temperature sensors
which are used to detect the presence of tissue over
the temperature sensors. In at least one embodiment,
the sensor circuit comprises electrodes comprised of a
doped polycrystalline ceramic comprising barium tita-
nate (BaTiO3), for example. The resistance of these
ceramic materials changes in response to temperature
changes, such as when patient tissue is positioned
against the electrodes. The cartridge processor is con-
figured to employ an algorithm to monitor the resistance
fluctuations in the ceramicmaterials to assesswhether or
not tissue was positioned against the electrodes. In var-
ious instances, theelectrodesof thesensor circuit are ina
parallel arrangement such that a detected resistance,
capacitance, voltage, and/or current change can be di-
rectly related to the position of a sensor. With this infor-
mation, the processor can assess whether and where
tissue is positioned over the staple cartridge.
[0095] Referring to FIGS. 11A and 11D, the staple
cartridge 14000 further comprises a laminate material
14900mounted to one or more components of the staple
cartridge 14000 to control the electrical effects created
within the cartridge components by the fields emitted
from and/or surrounding the staple cartridge 14000. In
at least one instance, the laminate material 14900 com-
prises a flux field directional material including at least
two layers - a first layer 14910, or cover, and a second
layer 14920 of magnetic material attached to the first
layer 14910. The first layer 14910 is comprised of poly-
ethylene terephthalate, for example, which protects the
second layer14920, but canbecomprisedof any suitable
material. The second layer 14920 is comprised of a
sintered ferrite sheet, for example, but can be comprised
of any suitable material. In at least one instance, an
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adhesive layer 14930 comprised of a pressure-sensitive
adhesive, for example, is bonded to the second layer
14920 and is used to attach the laminate material 14900
to oneormore components of the staple cartridge14000,
as discussed further below. In at least one instance, the
laminate material 14900 is a Flux Field Directional Ma-
terial EM15TF manufactured by 3M, for example.
[0096] In various embodiments, further to the above,
laminate material 14900 is bonded to the cartridge body
11100and isarranged to changeand/or control theshape
of the fields extending from the cartridge antennas. In at
least one embodiment, the laminate material 14900 fo-
cuses the fields away from the metal cartridge jaw of the
surgical instrument 10000 in which the staple cartridge
14000 is seated. In at least one instance, the cartridge
body 11100 is comprised of plastic and the laminate
material 14900 is mounted to the cartridge body 11100
such that the laminate material 14900 surrounds, or at
least substantially surrounds, the cartridge antennas. In
at least one instance, laminate material 14900 is
mounted to the cartridge body 11100 at a location which
is intermediate the cartridge data coil 11540" and the
cartridge power coil 11545" such that the cartridge coils
11540" and 11545" are separated by the laminate mate-
rial 14900. In various embodiments, laminate material
14900 is bonded to the metal walls of the cartridge jaw
10410. In at least one instance, laminate material 14900
ismounted to themetalwalls of the cartridge jaw10410at
a location which is intermediate the instrument data coil
10540" and the power transmission coil 10545". In var-
ious embodiments, the laminate material 14900 bonds
the cartridge data antenna 11530" and/or the cartridge
power antenna 11535" to the cartridge body 11100. In at
least one embodiment, the laminate material 14900
bonds the instrument data antenna 10530" and/or the
instrument power antenna 10535" to the metal cartridge
jaw 10410.
[0097] In various embodiments, further to the above,
laminate material 14900 is mounted to the metal pan
11700. In at least one such instance, laminate material
14900 is positioned intermediate the metal pan 11700
and the cartridge data antenna 11530" and, also, inter-
mediate the metal pan 11700 and the cartridge power
antenna 11535". Such an arrangement can focus the
fields created by the antennas 11530" and 11535" away
from the metal pan 11700 to minimize the electrical
effects that the fields have on the metal pan 11700. In
various embodiments, laminate material 14900 is
mounted to the movable components of the staple car-
tridge 14000. In at least one instance, referring to FIG.
11D, laminate material 14900 is mounted to the sled
11400. In at least one such instance, laminate material
14900 is mounted to the lateral sides 11410 of the sled
11400, for example. In at least one instance, referring to
FIG. 11A, laminate material 14900 is mounted to one or
more of the staple drivers 11300, for example. In at least
one such instance, laminate material 14900 is mounted
to the lateral sides 11310 of the staple drivers 11300.

Laminate material 14900 can be mounted to all of the
staple drivers 11300, or just the staple drivers 11300
adjacent the cartridge antennas 11530" and 11535", for
example.
[0098] Further to the above, the fields generated by the
cartridge antennas and/or instrument antennas can af-
fect the output of the sensors 11600. Such an effect can
be reduced or mitigated by the laminate material 14900,
for example. In various instances, the processor of the
staple cartridge 14000 is configured to electronically
account for the effect that the antenna fields will have
on the sensors 11600. In at least one such instance, the
cartridge processor can monitor when signals are being
transmitted between the antenna couples and, in such
instances,modify thesensor outputs being received from
the sensors 11600before transmitting the sensor outputs
to the surgical instrument processor and/or recording the
sensor outputs in amemory device in the staple cartridge
14000. When signals are not being transmitted between
the antenna couples, the sensor outputsmay not need to
bemodified by the processor before being transmitted to
the surgical instrument processor and/or recorded in a
memory device in the staple cartridge 14000. In various
instances, the processor can apply a first compensation
factor to the sensor outputs when the power antenna
couple is transmitting signals, a second compensation
factor to the sensor outputs when the signal antenna
couple is transmitting signals, and a third compensation
factor to the sensor outputs when both antennas are
transmitting signals. In at least one such instance, the
third compensation factor is larger than the first compen-
sation factor and the first compensation factor is larger
than the second compensation factor, for example.
[0099] Further to the above, the circuit 11500 is flush
with the top surface of the deck 11130 and/or recessed
with respect to the top surface of the deck 11130. In
various instances, the staple cartridge 11000 further
comprises latches rotatably mounted thereto which are
rotatable from an unlatched position to a latched position
to hold the circuit 11500 in the circuit slot 11160. The
latches engage the cartridge body 11100 in a press-fit
and/or snap-fit manner when the latches are in their
latched position. When the latches are in their latched
position, the latchesare flushwith and/or recessedbelow
the top surface of the deck 11130. In at least one embodi-
ment, the projections 11132 are mounted to and/or inte-
grally-formed with the latches and/or any other suitable
restraining features. In any event, the circuit 11500 com-
prises one or more sensors which are held in place
relative to the cartridge body 11100 as a result of the
above.
[0100] Asdiscussed above, the sensors 11600may be
effected by their surrounding environment. In various
instances, the sensors 11600 may be effected by tem-
perature changes when the end effector 10400 of the
surgical instrument is inserted into a patient. Referring to
FIG. 12, a staple cartridge, such as staple cartridge
15000, for example, can comprise a thermal manage-
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ment system. The staple cartridge 15000 is similar to the
other staple cartridges disclosed herein in many re-
spects, and such respects are not repeated for the sake
of brevity. The staple cartridge 15000 comprises a car-
tridge body 15100 and sensors 11600 mounted to the
cartridge body 15100. The staple cartridge 15000 further
comprises a heat sink system 15800 that moves and/or
equalizes thermal energy with the cartridge body 15100.
The cartridge body 15100 comprises a first lateral side
15170 and a second lateral side 15180 and the heat sink
system 15800 comprises a first heat sink 15870 em-
bedded in the first lateral side 15170 and a second heat
sink 15880 embedded in the second lateral side 15180.
The first heat sink 15870 comprises a first longitudinal rail
15872 extending along the first lateral side 15170 of the
cartridge body 15100 and lateral rails 15874 extending
laterally from the first longitudinal rail 15872. The lateral
rails 15874 extend between and around the staple cav-
ities 11140 and conduct heat outwardly away from the
sensors 11600 which are positioned adjacent the first
longitudinal rail 15872. That said, other embodiments are
envisioned in which the rails 15872 and 15874 are ar-
ranged to conduct heat inwardly away from sensors
11600 positioned along the outer perimeter of the car-
tridge body 15100. The second heat sink 15880 com-
prises a second longitudinal rail 15882 extending along
the second lateral side 15180 and lateral rails 15884
extending from the second longitudinal rail 15882. The
lateral rails 15884 extend between and around the staple
cavities 11400andconduct heat outwardly away from the
sensors 11600which are positioned adjacent the second
longitudinal rail 15882. That said, other embodiments are
envisioned in which the rails 15882 and 15884 are ar-
ranged to conduct heat inwardly away from sensors
11600 positioned along the outer perimeter of the car-
tridge body 15100.
[0101] Further to the above, the first heat sink 15870
and the second heat sink 15880 are configured to con-
duct heat fromone region of the staple cartridge 15000 to
another. In various instances, the first heat sink 15870
includes a first region comprised of a first material having
a first thermal conductivity and a second region having a
second thermal conductivity which is higher than the first
thermal conductivity. In at least one instance, the first
region ispositionedadjacent thesensors11600such that
the second region quickly draws heat out of the first
region. In this way, the first heat sink 15870 comprises
aheatpump.Thesecondheat sink15880cancomprisea
similar arrangement. In various instances, the first heat
sink 15870 includes a first region comprised of a first
material having a first thermal capacitance and a second
region comprised of a second material having a second
thermal capacitancewhich is higher than the first thermal
capacitance. In such embodiments, the second region
can store heat away from the sensors 11600. The second
heat sink 15880 can comprise a similar arrangement.
[0102] Further to the above, in various instances, the
first longitudinal rail 15872 comprises a constant cross-

section along the length thereof. In use, thermal energy
will flow along the first longitudinal rail 15872 from a
location with a higher temperature along the first long-
itudinal rail 15872 to a location with a lower temperature.
In at least one alternative embodiment, the cross-section
of the first longitudinal rail 15872 changes along the
length thereof. In use, thermal energy can flow along
the first longitudinal rail 15872 from a location having a
small cross-section to a location having a larger cross-
section. In at least one instance, the first longitudinal rail
15872 is tapered linearly from one end to the other. In at
least one such instance, the larger end of the first long-
itudinal rail 15872 is at the distal end of the staple car-
tridge15000. In such instances, heatmayflow toward the
distal end of the staple cartridge 15000 instead of toward
the processor and/or other electronics in the proximal
end of the staple cartridge 15000, for example. The
second heat sink 15880 can comprise a similar arrange-
ment.
[0103] Further to the above, in various instances, the
lateral rails 15874 comprise a constant cross-section
along the length thereof. In use, thermal energy will flow
along the lateral rails 15874 from a location with a higher
temperature to a location with a lower temperature. In at
least one alternative embodiment, the cross-section of
the lateral rails 15874 change along the length thereof. In
use, thermal energy can flowalong the lateral rails 15874
from a location having a small cross-section to a location
having a larger cross-section. In at least one instance,
each lateral rail 15874 is tapered linearly from one end to
the other. In at least one such instance, the larger end of
the lateral rail 15874 is at the lateral side of the staple
cartridge 15000. In such instances, heat may flow from
the first longitudinal rail 15872 toward the lateral side of
the staple cartridge 15000 where the heat can be easily
dissipated from the staple cartridge 15000. The second
heat sink 15880 can comprise a similar arrangement.
That said, any suitable configuration of heat sink can be
used.
[0104] In various instances, further to the above, a
portion of a heat sink is in direct contact with at least
one electronic component of the staple cartridge 15000.
In at least one instance, the staple cartridge 15000 com-
prises a microprocessor mounted to the cartridge body
15100 and the heat sink is in direct abutting contact with
the microprocessor, for example. In various embodi-
ments, the cartridge body 15100 directly contacts at least
one electronic component of the staple cartridge 15000.
In at least one instance, the cartridge body 15100 com-
prises fins extending therefrom which increase the con-
vection surface area and the rate in which the electronic
components can be cooled. In at least one such instance,
referring toFIG.11A, thecartridgebody15100comprises
longitudinal rails 11105 which define longitudinal slots
11115 configured to receive staple driving rails 11415 of
the sled 11400where the longitudinal rails 11015 are part
of a thermal path for cooling theelectronic components of
the staple cartridge 15000. In at least one embodiment,
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the longitudinal rails 11105 of the cartridge body 15100
are at least partially coated in a material which improves
the thermal conductivity, convection, and/or radiation of
heat between the electronic components and the long-
itudinal rails 11105 and between the longitudinal rails
11105 and the ambient environment. In various embodi-
ments, themetal pan 11700 of the staple cartridge 15000
is in abutting contact with one or more electronic compo-
nents of the staple cartridge and is configured to conduct
heat away from theelectronic components. Inat least one
embodiment, the cartridge body 15100 and/or the metal
pan 11700 comprises windows or throughholes therein
whichareconfigured topermit bodyfluids to enter into the
staple cartridge 15000 when the end effector 10400 is in
the patient. In such embodiments, the electronic compo-
nents of the staple cartridge 15000 are coated in a
sealant, such as an epoxy, for example, which protects
the electronic components when the body fluids enter
into the staple cartridge15000.Suchopenings could also
be positioned and arranged to facilitate the contact of
body fluids with the heat sinks of the staple cartridge
15000.
[0105] In various embodiments, the staple cartridge
15000 further comprises a temperature sensor circuit
including at least one temperature sensor 15900 in com-
munication with the processor of the staple cartridge
15000. In at least one embodiment, the temperature
sensor 15900 comprises a thermistor, thermocouple,
and/or resistance temperature detector, for example. In
various instances, the staple processor, electronic hard-
ware, tissue sensors, and/or antennas of the staple car-
tridge 15000 generate heat which, in some circum-
stances, can negatively impact the function of these
devices. With the data provided to the staple cartridge
processor from the temperature sensor 15900, the staple
cartridgeprocessor can adjust its sampling or processing
rate of the tissue sensors, for example, to reduce theheat
generated by the staple cartridge processor. In at least
one instance, thestaple cartridgeprocessor is configured
to reduce the data sampling or processing rate of the
tissue sensors when the temperature sensed by the
temperature sensor 15900 exceeds a threshold. In at
least one embodiment, the staple cartridge processor
can maintain the lower sampling rate of the tissue sen-
sors regardless of whether the temperature stays above
or falls back below the temperature threshold. In other
embodiments, the staple cartridge processor can in-
crease, or restore, the sampling rate of the tissuesensors
after the temperature sensed by the temperature sensor
15900 falls back below the temperature threshold. Simi-
larly, the staple cartridge processor can be configured to
reduce thedata transfer ratebetween thestaplecartridge
15000 and the surgical instrument across the data an-
tenna couple when the temperature sensed by the tem-
perature sensor 15900 exceeds a threshold. In at least
one embodiment, the staple cartridge processor can
maintain the lower transfer rate regardless of whether
the temperature stays above or falls back below the

temperature threshold. In other embodiments, the staple
cartridge processor can increase, or restore, the data
transfer rate across the data antenna couple after the
temperature sensed by the temperature sensor 15900
falls back below the temperature threshold.
[0106] In at least one embodiment, further to the
above, theprocessor of the staple cartridge15000and/or
the processor of the surgical instrument 10000 is config-
ured to reduce the power being transferred across the
power antenna couple between the staple cartridge
15000 and the surgical instrument 10000 when the tem-
perature sensed by the temperature sensor 15900 ex-
ceeds a threshold. In at least one embodiment, the
processor, or processors, can maintain the lower power
transfer rate regardless ofwhether the temperature stays
above or falls back below the temperature threshold. In
other embodiments, the processor, or processors, can
increase, or restore, the power transfer rate after the
temperature sensed by the temperature sensor 15900
falls back below the temperature threshold.
[0107] In various embodiments, the staple cartridge
processor is configured to assess the operational state
of the staple cartridge 15000 when the temperature
sensed by the temperature sensor 15900 exceeds the
temperature threshold before modifying the operation of
the staple cartridge 15000. For instance, if the staple
cartridge processor senses that the staple firing stroke
has not yet been initiated by the surgical instrument
10000 when the sensed temperature exceeds the tem-
perature threshold, the staple cartridge processor is con-
figured to modify, or lower, the sensor sampling rate, the
data transfer rate, and/or the power transfer rate, for
example, and/or otherwise reduce the heat generated
by the staple cartridgeprocessor by altering or stopping a
function of the staple cartridge processor. Such an ar-
rangement can reduce the heat generated by the staple
cartridge 15000 during use. If the staple cartridge pro-
cessor senses that the staple firing stroke has already
been initiated by the surgical instrument 10000 when the
sensed temperature exceeds the temperature threshold,
in at least one such embodiment, the staple cartridge
processor does not modify the sensor sampling rate, the
data transfer rate, and/or the power transfer rate, for
example, during the staple firing stroke. After the staple
firing stroke, in such instances, the staple cartridge pro-
cessor can modify the operation of the staple cartridge
15000 in some way to reduce the heat generated by the
staple cartridge 15000. In various instances, the staple
cartridge 15000 comprises a sensor configured to detect
the position of the sled, or at leastwhether the sled is in its
proximal unfired position, to determinewhether or not the
staple firing stroke has been initiated. In various embodi-
ments, the control system of the surgical instrument
10000 is configured to communicate to the staple car-
tridge processor that the staple firing stroke is being
initiated. The staple cartridge 15000 can also comprise
a sensor to determinewhen the sled has reached its fully-
fired position and/or the control system of the surgical
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instrument 10000 is configured to communicate to the
staple cartridgeprocessor that the retraction strokeof the
staple firing system is being initiated.
[0108] In various embodiments, further to the above,
the staple cartridge processor is configured tomodify the
operation of a first system when the sensed temperature
exceeds a first temperature threshold and modify the
operation of a second systemwhen the sensed tempera-
ture exceeds a second, or higher, temperature threshold.
For instance, the staple cartridge processor can reduce
the sensor sampling rate when the first temperature
threshold has been exceeded and then also reduce
the data transfer rate to the surgical instrument when
the second temperature threshold has been exceeded.
[0109] In various embodiments, further to the above,
the processor of the staple cartridge 15000 comprises an
internal temperature sensor that is used in co-operation
with or in lieu of the temperature sensor 15900. In various
embodiments, thecartridgebody15100 iscomprisedof a
positive temperature coefficient (PTC) material that is
used as a temperature sensor. In such embodiments,
the cartridge body 15100 is part of a temperature sensor
circuit in communication with the processor of the staple
cartridge 15000. In various instances, the cartridge body
15100comprisesa temperature sensor inaddition toor in
lieu of the other temperature sensors disclosed herein. In
at least one instance, the PTCmaterial is comprised of a
doped polycrystalline ceramic including barium titanate
BaTiOs, for example. In at least one embodiment, the
processor of the staple cartridge 15000 is in communica-
tion with the temperature sensor 15900 and at least one
temperature sensor in the surgical instrument 10000. In
such embodiments, the staple cartridge processor can
evaluate the temperature at multiple locations and em-
ploy an algorithm which considers the temperature read-
ings of both temperature sensors before modifying the
operation of the staple cartridge 15000. In various em-
bodiments, the staple cartridge 15000 can comprise two
or more temperature sensors and the staple cartridge
processor can employ an algorithm which considers the
temperature readings of all of the temperature sensors
before modifying the operation of the staple cartridge
15000.
[0110] In various embodiments, the heat generated by
the cartridge processor, for example, can affect the com-
ponents of the sensor circuit and/or the voltage potential
produced by the sensors of the sensor circuit. In various
instances, an increase in the sensed temperaturemaybe
the result of an increased magnetic or electrical, field
produced by the processor, for example. In at least one
embodiment, the processor employs an algorithm con-
figured to utilize a correction factor to compensate for the
effect that a temperature increase has on the sensor
outputs. In at least one such embodiment, the compen-
sation factor is applied when the sensed temperature
exceeds a threshold. In various embodiments, the vol-
tage outputs are modified according to a modification
function, such as a linear and/or non-linear function, for

example. In various embodiments, the cartridge control
system comprises a sensor configured to directly detect
fields generated by the processor and employ an algo-
rithm to compensate for the effect that the fields have on
the sensor outputs.
[0111] In various embodiments, the staple cartridges
disclosed herein are configured to be operated in a low-
power mode and a high-power mode. The processor of
thestaple cartridge is configured to switch from the lower-
power mode to the high-power mode when the staple
cartridge processor has received one or more inputs, or
triggers. In such embodiments, the staple cartridge con-
sumes less power and generates a lower amount of heat
while the staple cartridge processor waits for a signal, or
combination of signals, to switch into the high-power
mode. In the low-power mode, in at least one embodi-
ment, the staple cartridge processor is configured to
processdata from thecartridgesensorsata lowsampling
rate and/or transmit data to the surgical instrument
10000, for example, across the data antenna couple at
a low transmission rate. In the high-power mode, in at
least one embodiment, the staple cartridge processor is
configured toprocessdata from thecartridgesensorsata
higher sampling rate and/or transmit data to the surgical
instrument 10000 across the data antenna couple at a
higher transmission rate. In at least one embodiment, the
staple cartridge comprises at least one strain gauge, for
example, mounted to the cartridge body which is in
communication with the staple cartridge processor and
is configured to sense when the cartridge body is being
compressed.When the voltage potential being output by
the strain gauge exceeds a threshold - in response to the
cartridgebodybeingsubjected to ahighstrain - thestaple
cartridgeprocessor switches from the low-powermode to
the high-power mode. In such instances, the staple car-
tridge can detect that the end effector 10400 of the
surgical instrument 10000 has been clamped onto the
patient tissue. In addition to or in lieu of the strain gauge
discussed above, the processor of the surgical instru-
ment 10000 can emit a signal to the processor of the
staple cartridge across the data antenna couple, for
example, when the surgical instrument 10000 has been
clamped. In either event, the processor of the staple
cartridge switches from its lower-power mode to its
high-power mode when the processor determines that
the surgical instrument 10000 is in its clamped state. In
such instances, the staple cartridge processor can in-
crease its sampling rate of the tissue sensor outputs
and/or increase the data transfer rate back to the pro-
cessor of the surgical instrument 10000, for example.
[0112] Inat least oneembodiment, further to theabove,
the staple cartridge is in a low-power mode when the
surgical instrument 10000 is in an unclamped state and
the staple cartridge is in an unfired state. When the
surgical instrument 10000 is clamped, the staple car-
tridge enters into a first high-power mode where one or
more functions, but not all of the functions, of the staple
cartridge are switched on and/or modified. When the
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staple firing stroke is initiated by the surgical instrument
10000, the staple cartridge enters into a second high-
power mode where all of the functions of the staple
cartridge are switched on and are fully-operational. In
at least one such embodiment, the processor of the
staple cartridge is configured to emit a first signal to
the surgical instrument 10000 indicating that the staple
cartridge has entered the first high-power mode and a
second signal to the surgical instrument 10000 indicating
that the staple cartridge has entered the second high-
power mode. When the instrument processor of the
surgical instrument 10000 receives the first signal, the
instrument processor increases thewattage of the power
signal to the staple cartridge to power the staple cartridge
in its first high-power mode. Likewise, the instrument
processor increases the wattage of the power signal to
the staple cartridge to power the staple cartridge in its
secondhigh-powermodewhen the instrument processor
receives the second signal.
[0113] In at least one embodiment, the surgical instru-
ment is configured to supply power to the staple cartridge
at a firstwattagewhen thestaple cartridge is seated in the
end effector of the surgical instrument and the end ef-
fector is inanunclampedstate, at a secondwattagewhen
the end effector is in a clamped state before the staple
firing stroke, and at a third wattage during the staple firing
stroke. In at least one such embodiment, the second
wattage is higher than the first wattage and the third
wattage such that the cartridge processor can process
data from the tissue sensors at a higher rate to evaluate
the tissue prior to the staple firing stroke without gener-
atinganexcessiveamountof heat prior to theendeffector
being clamped and/or during the staple firing stroke. In at
least one alternative embodiment, the third wattage is
higher than thefirstwattageand thesecondwattagesuch
that the cartridge processor can process data from the
tissue sensors at a higher rate to evaluate the tissue
during the staple firing stroke without generating an ex-
cessive amount of heat prior to the staple firing stroke.
[0114] In at least one embodiment, the staple cartridge
is in a low-power mode before the staple cartridge is
seated in the surgical instrument 10000.When the staple
cartridge is seated in the surgical instrument 10000, the
staple cartridge enters into a first high-power mode
where one or more functions, but not all of the functions,
of the staple cartridge are switched on and/or modified.
For instance, the identification circuit of the staple car-
tridge is switched on when the staple cartridge is in the
first high-power mode. When the surgical instrument
10000 is clamped, the staple cartridge enters into a
second high-power mode where one or more additional
functions, but not all of the functions, of the staple car-
tridge are switched on and/or modified. For instance, the
tissue sensing circuit of the staple cartridge is switched
on when the staple cartridge is in the second high-power
mode. When the staple firing stroke is initiated by the
surgical instrument 10000, the staple cartridge enters
into a third high-power mode where all of the functions of

the staple cartridge are switched on and are fully-opera-
tional. In at least one such embodiment, the processor of
the staple cartridge is configured to emit a first signal to
the surgical instrument 10000 indicating that the staple
cartridge has entered the first high-power mode, a sec-
ond signal to the surgical instrument 10000 indicating
that the staple cartridge has entered the second high-
power mode, and a third signal to the surgical instrument
10000 indicating that the staple cartridge has entered the
third high-power mode. When the instrument processor
of the surgical instrument 10000 receives the first signal,
the instrument processor increases the wattage of the
power signal to the staple cartridge to power the staple
cartridge in its first high-power mode. Likewise, the in-
strument processor increases the wattage of the power
signal to the staple cartridge to power the staple cartridge
in its second high-power mode when the instrument
processor receives the second signal. Likewise, the in-
strument processor increases the wattage of the power
signal to the staple cartridge to power the staple cartridge
in its third high-power mode when the instrument pro-
cessor receives the third signal.
[0115] As discussed above, the processor of a staple
cartridge is responsive to an input, or trigger, which
activates one or more systems of the staple cartridge
when the trigger is received. In various embodiments, the
staple cartridge comprises a control system including a
wake-up circuit and an on-board power source. The
wake-up circuit, when energized by a power source from
outside of the staple cartridge, i.e., an off-board power
source, connects the on-board power source with a data
transmission circuit of the control system to transmit data
to the surgical instrument 10000 via the data antenna
couple. In at least one instance, the data transmission
circuit emits an identification beacon to the surgical in-
strument 10000. If the control system of the staple car-
tridge does not establish authenticated communication
with the surgical instrument 10000 within a predefined
time period after emitting the identification beacon, the
control system shuts down the data transmission circuit
by disconnecting the on-board power source from the
data transmission circuit until the wake-up circuit is re-
energized by the off-board power source. If, however, the
staple cartridge does establish authenticated communi-
cation with the surgical instrument 10000 within the pre-
defined time period after emitting the identification bea-
con, the control system enters into a fully-awake high-
power operating mode.
[0116] In various embodiments, further to the above,
the control system of the staple cartridge will switch from
a low-power, or sleep, mode to a high-power, or awake,
modeafter receiving two inputs, or triggers. Inat least one
embodiment, referring to FIG. 5A, the staple cartridge
comprises a retainer, or cover, 11900 attached to the
cartridge body that extends over the top, or deck, of the
cartridge body. The cover 11900 comprises one or more
attachment features 11910 configured to releasably hold
the cover 11900 to the staple cartridge. The staple car-
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tridge further comprises a cover sensor circuit including a
sensor, such as a Hall Effect sensor, for example, in
communication with a processor of the cartridge control
system. When the cover 11900 is attached to the car-
tridge body, a magnetic element mounted to the cover
11900 interferes with the field emitted by the Hall Effect
sensor and, when the cover 11900 is removed from the
cartridgebody, themagnetic element no longer interferes
with the Hall Effect sensor field. This change in the Hall
Effect sensor field is reflected in the voltage output of the
Hall Effect sensor which is one of the triggers used by the
cartridgecontrol system toswitch thestaple cartridge into
its wakemode. In addition to the above, the cartridge jaw
of the surgical instrument comprises a cartridge pre-
sence sensor circuit that is completed, or closed, when
the staple cartridge is seated in the cartridge jaw. In at
lease one instance, the staple cartridge closes a proxi-
mity switch, for example, when the staple cartridge is
seated in the cartridge jaw. Like the cover sensor circuit,
the cartridge presence sensor circuit is part of a wake
circuit. The processor of the control system is configured
to switch from its low-power, or sleep, mode to its high-
power, or wake, mode when the processor receives an
input that the staple cartridge is seated in the cartridge
jaw and an input that the cover 11900 has been removed
from the staple cartridge. In the sleep mode, the proces-
sor is not sampling data from the tissue sensors, proces-
sing data communicated to the staple cartridge from the
surgical instrument, and/or transmitting data to the sur-
gical instrument. In the wake mode, the processor is
sampling data from the tissue sensors, processing data
communicated to the staple cartridge from the surgical
instrument, and transmitting data to the surgical instru-
ment.
[0117] Further to the above, any suitable combination
of wake-up events, or triggers, can be used to switch the
control systemof a staple cartridge from its sleepmode to
its wakemode. In at least one embodiment, a first trigger
is the removal of a cover from the staple cartridge and the
second trigger comprises a completed authentication
sequence. In at least one instance, the removal of the
cover from the staple cartridge is sensed by the proces-
sor of the control system which switches the staple
cartridge from its sleep mode into an authentication
mode. In the authentication mode, the processor of the
staple cartridge emits an identification beacon through a
data antenna couple. If the instrument processor recog-
nizes the identification beacon, the instrument beacon
emits awake-up signal back to the staple cartridge.Upon
receiving the wake-up signal, the processor switches
from its authentication mode to its wake mode. In the
wake mode, the control system of the staple cartridge is
fully-functional while, in the authentication mode, the
control system of the staple cartridge may not be fully-
functional. For instance, in at least one embodiment, the
control system of the staple cartridge does not process
the inputs from the tissue sensors when the staple car-
tridge is in its authentication mode. Moreover, the pro-

cessor includes a timer circuit, function, and/or clock, for
example, that is activatedwhen the processor enters into
its authentication mode. The processor is configured
such that, if the processor does not receive the wake-
up signal within a predetermined period of time as mea-
sured by the timer circuit, the processor returns back into
its sleep mode. In various instances, the identification
beacon and/or the wake-up signal is encoded or en-
crypted. In at least one such instance, the instrument
processor is configured to decode or decrypt the identi-
fication beacon and/or the cartridge processor is config-
ured to decode or decrypt the wake-up signal.
[0118] Various wake-up triggers can include, for ex-
ample, installing a battery into the surgical instrument,
removing the surgical instrument froma charging station,
and/or attaching the surgical instrument to a robotic
surgical system. In at least one embodiment, the surgical
instrument comprises electrical contacts which are ma-
ted with corresponding electrical contacts on an arm of
the robotic surgical system which close a circuit that is
sensedby theprocessorof thesurgical instrument and/or
a processor of the robotic surgical system. In such in-
stances, the surgical instrument and/or the robotic sur-
gical system sends a wake-up trigger signal to the staple
cartridge seated in the surgical instrument. In at least one
embodiment, the robotic surgical system comprises a
vision system including one or more cameras which is
configured to visually confirm the attachment of the sta-
pling instrument to the arm of the robotic surgical system
and/or the presence of a staple cartridge in the cartridge
jaw and then send a wake-up trigger signal to the staple
cartridge seated in the surgical instrument. In at least one
such embodiment, the arm of the robotic surgical system
and/or the surgical instrument comprises clips which
releasably retain the surgical instrument to the arm
and the vision system is configured to confirm that the
clips are in their locked position before emitting thewake-
up trigger signal. In various embodiments, the operating
theatre, or surgical suite, comprises a control system
which is configured to sendawake-up signal to the staple
cartridge either directly and/or through the robotic surgi-
cal system and/or surgical instrument.
[0119] In various embodiments, a staple cartridge
comprises a circuit in communication with the processor
of thestaple cartridge.Thecircuit comprises twocontacts
on the deck of the cartridge body and a gap between the
contacts. When the staple cartridge is seated in the
cartridge jaw and the end effector is in an open config-
uration, the circuit is in an open condition. In such in-
stances, the memory devices of the staple cartridge
cannot be accessed. When the end effector is closed,
the anvil jaw bridges the contacts and the circuit is in a
closed condition. In such instances, the memory devices
of the staple cartridge can be accessed. In various em-
bodiments, the circuit comprises a wake-up circuit that,
when closed, providesa voltagepotential to an input gate
of the processor which, when received, causes the pro-
cessor to switch from a sleepmode to a wakemode. In at
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least one such embodiment, closing the wake up circuit
when the end effector is closed places a battery or power
source in the staple cartridge in communication with the
control system of the staple cartridge. In various other
embodiments, closing the anvil opens a wake-up circuit
in communicationwith the processor. In at least one such
embodiment, the anvil comprises a cutting element, such
as a knife, for example, which cuts a circuit in the staple
cartridge leaving the circuit in an open state. In such
instances, the processor can interpret the loss of a vol-
tage potential at an input gate as a wake-up signal.
[0120] In various instances, further to the above, the
staple cartridge is stored in a hermetically-sealed pack-
age. Before loading the staple cartridge into the surgical
instrument, a clinician must open the package and re-
move the staple cartridge. In at least one instance, re-
moving the staple cartridge from the package activates a
wake-up trigger that causes the staple cartridge to switch
from a sleep mode to a wake mode. In at least one
embodiment, a sticker is attached to the package and
the staple cartridge. In such instances, the sticker main-
tains a wake-up circuit in the staple cartridge in an open
condition.When the staple cartridge is removed from the
package, the sticker detaches from the staple cartridge
and the wake-up circuit becomes closed. In such in-
stances, the processor receives the wake-up trigger
signal to an input thereof. In at least one such instance,
the staple cartridge comprises an on-board power
source, such as a battery and/or charge accumulator,
for example, that delivers a voltage potential to the pro-
cessor input when the sticker is detached from the staple
cartridge thereby providing the wake-up trigger signal to
the processor. In at least one embodiment, the staple
cartridge comprises a wake-up circuit including a battery
and spring-loaded battery contacts which are held in an
open condition by a tab when the staple cartridge is
positioned in a package. In at least one instance, the
package is comprised of a plastic material, such as
TYVEK, for example. The tab is attached to the package
and, when the staple cartridge is removed from the
package, the tab is removed from between the battery
and the spring-loaded battery contacts such that the
battery contacts engage the battery and close the
wake-up circuit. At such point, the processor of the staple
cartridge is powered and fully-functional.
[0121] As discussed above, the staple cartridge can
compriseacover, or retainer, 11900 that is attached to the
cartridge body and, when the cover 11900 is removed
from the cartridge body, a wake-up circuit in the staple
cartridge is closed and the processor enters into awoken
state. Similar to the above, in at least one embodiment,
thestaplecartridgecomprisesawake-upcircuit including
a battery and spring-loaded battery contacts which are
held in an open condition by a tab affixed to the cover
11900 when the cover 11900 is attached to the staple
cartridge. When the cover 11900 is removed from the
staple cartridge, the tab is removed from between the
battery and the spring-loaded battery contacts such that

the battery contacts engage the battery and close the
wake-up circuit. At such point, the processor of the staple
cartridge is powered and fully-functional. In other embo-
diments, the processor enters into a first powered mode
when the cover 11900 is removed. In at least one such
embodiment, the processor enters into a second pow-
ered mode as a result of a cartridge authentication pro-
cess, for example.
[0122] In various embodiments, further to the above, a
staple cartridge comprises a wake up circuit including a
Hall Effect sensor, for example, mounted to a first lateral
side of the cartridge body and a magnet mounted to a
second, or opposite lateral side of the cartridge body.
When the cover 11900 of the staple cartridge is attached
to the cartridge body, the cover 11900 is positioned
between the Hall Effect sensor and the magnet. When
the cover 11900 is removed from the cartridge body, the
field detected by theHall Effect sensor changes and, as a
result, the voltage output of the Hall Effect sensor
changes which is detected by the cartridge processor.
Such a change in the voltage potential is interpreted as a
wake-up trigger by the processor and, in response to this
wake-up trigger and/or a combinationofwake-up triggers
including this wake-up trigger, the processor switches
from a sleepmode to a wakemode. In various instances,
the cover 11900 comprises a fin comprised of ferrite, for
example, which is positioned between the magnet and
theHall Effect sensorwhen thecover11900 isattached to
the cartridge body.
[0123] Once the staple cartridge is removed from its
packaging, further to the above, the staple cartridge is
seated in the cartridge jaw of the surgical instrument. In
various instances, there is a snap-fit and/or press-fit
arrangement between the staple cartridge and the car-
tridge jaw. When the staple cartridge is inserted into the
cartridge jaw in such instances, there may be a sudden
accelerationof thestaple cartridge into its seatedposition
when a sufficient force is applied to the staple cartridge to
overcome the snap-fit and/or press-fit feature by the
clinician. In various embodiments, the staple cartridge
comprises a power source, such as a battery and/or a
charge accumulator, for example, and, in addition, a
wake-up circuit including an accelerometer in commu-
nication with the processor of the staple cartridge. The
accelerometer is in communication with the power
source and an input gate of the processor and, when
the staple cartridge is accelerated as it seated in the
surgical instrument, the voltage output of the acceler-
ometer being supplied to the input gate of the processor
increases above a wake voltage threshold and, as a
result, the staple cartridge switches from its sleep mode
to itswakemode, for example. In other embodiments, the
processor enters into a first powered mode when the
staple cartridge is seated. In at least one such embodi-
ment, the processor enters into a second poweredmode
as a result of a cartridge authentication process, for
example.
[0124] Once the staple cartridge is seated in the car-
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tridge jaw, further to the above, the end effector of the
surgical instrument can be inserted into a patient. In
various instances, the end effector of the surgical instru-
ment is inserted into the patient through a large, or open,
incision, and then clamped onto the patient tissue. In
other instances, the end effector of the surgical instru-
ment is inserted into the patient through a cannula, or
trocar. In such instances, the end effector is closed,
inserted through the trocar, and then re-opened once
the end effector is in the patient. At such point, the end
effector is then clamped onto the patient tissue. In either
event, the end effectormay be opened and closed one or
more times before being used in the patient and the
clamping of the end effector can supply awake-up trigger
to the staple cartridge. In at least one embodiment, a
staple cartridge comprises a processor, a power source,
and a wake-up circuit in communication with the proces-
sor and thepower source. Thewake-up circuit comprises
a switch in an open state which is closed when the end
effector of the surgical instrument is clamped. When the
switch is closed, the processor enters into its fully-pow-
ered state. In at least one such embodiment, a movable
anvil jaw physically contacts the staple cartridge to close
the wake-up circuit. In at least one embodiment, the
wake-up circuit comprises a Hall Effect sensor that de-
tects the presence of amagnetic elementmounted to the
anvil jawwhen theanvil jaw is in its closedposition.When
the voltage output of the Hall Effect sensor changes as a
result of the presence of the magnetic element, the
processor interprets the voltage output change as a
wake-up trigger. In at least one embodiment, the wake-
up circuit comprises an induction sensor that detects the
presence of the metal anvil jaw in its closed position.
When the voltage output of the induction sensor changes
as a result of the anvil jaw being closed, the processor
interprets the voltage output change as a wake-up trig-
ger.
[0125] In various embodiments, further to the above, a
trocar comprisesaproximal end includingasealedport, a
distal end includingasharp tip configured to incisepatient
tissue, and a tube extending between the proximal end
and the distal end. The sealed port comprises an en-
larged opening and a flexible seal configured to form a
substantially air-tight seal against the end effector and/or
the shaft of the surgical instrument as they are inserted
there through. In various embodiments, the trocar com-
prises a data transmitter including an antenna configured
to emit a wake-up signal to the staple cartridge as the
staple cartridge passes through the trocar. In various
instances, the wake-up signal from the trocar data trans-
mitter is a sufficient trigger to switch the control system of
the staple cartridge from its sleepmode to its wakemode
and, in other instances, the wake-up signal from the
trocar data transmitter is one of several triggers needed
to switch thecontrol systemof thestaple cartridge from its
sleep mode to its wake mode. In at least one embodi-
ment, the trocar comprises a magnetic member, such as
a permanent magnet, for example, and the staple car-

tridge comprises a wake-up circuit including a sensor
configured todetect themagneticmember. In at least one
such embodiment, the staple cartridge comprises a
power source in communication with the sensor which
comprises a Hall Effect sensor, for example. When the
staple cartridge is seated in the end effector and the end
effector is inserted through the trocar, the field emitted by
the Hall Effect sensor is distorted by the magnetic mem-
ber in the trocar which changes the voltage output of the
Hall Effect sensor. This change in the sensor voltage
output is detected by theprocessor of the staple cartridge
and when the change exceeds a predetermined thresh-
old, the processor is configured to switch from its sleep
mode to itswakemode. In variousembodiments, the tube
of the trocar comprises ferrous rings embedded therein
and/or mounted thereto and the staple cartridge com-
prises a wake-up circuit including an inductive sensor
configured to detect the ferrous rings. In at least one
embodiment, the inductive sensor comprises a field sen-
sor, anoscillator, ademodulator, a flip-flop,andanoutput,
for example. When the staple cartridge is seated in the
end effector and the end effector is inserted through the
trocar, the ferrous rings change the voltage output of the
inductive sensor. This change in the sensor voltage out-
put is detected by the processor of the staple cartridge
and when the change exceeds a predetermined thresh-
old, the processor is configured to switch from its sleep
mode to its wake mode. In various instances, the induc-
tive sensor outputs a voltage pulse for each ferrous ring
that the inductive sensor passes through. In such in-
stances, the processor is configured to switch to its wake
mode after it has received a number of pulses from the
inductive sensor that exceeds a predetermined number
of pulses.
[0126] Referring again to FIG. 7, a staple cartridge can
comprise a power management system including a pro-
cessor and a charge accumulator, such as the charge
accumulator 11800, for example. The power manage-
ment system further comprises a charging circuit in com-
munication with the charge accumulator 11800 and in-
cludes an antenna configured to receive power from a
surgical instrument when the staple cartridge is seated in
the surgical instrument. In various instances, the surgical
instrument is capable of supplying power to the staple
cartridge at a first, or maximum, charging rate; however,
there may be situations during the use of the staple
cartridge in which the staple cartridge uses power at a
second rate which is higher than the maximum charging
rate. To accommodate this higher power usage, the
charge accumulator 11800 stores power when the power
usage of the staple cartridge is below the maximum
charging rate. The processor of the staple cartridge is
configured to manage the power being stored in the
charge accumulator 11800 and, when the charge accu-
mulator 11800 reaches its maximum capacity, the pro-
cessor sendsasignal to the surgical instrument to reduce
the power being supplied to the staple cartridge by the
surgical instrument. In at least one such instance, the
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signal includes data regarding the actual power usage of
the staple cartridge. The processor of the surgical instru-
ment, upon receiving the signal, reduces thepower being
supplied to the staple cartridge such that the charging
rate matches the staple cartridge use rate. In many
instances, the power usage of the staple cartridge may
increaseabove the charging rate and thepowermanage-
ment system is configured to utilize power from the
charge accumulator 11800 until the charge of the charge
accumulator 11800 falls below a re-charge threshold.
When theprocessor detects that the chargeof the charge
accumulator 11800 has fallen below the re-charge
threshold, the processor of the staple cartridge sends
a signal to the surgical instrument to restore the charging
rate to the maximum charging rate in order to re-charge
the charge accumulator 11800. In addition to or in lieu of
the charge accumulator 11800, the staple cartridge can
comprise any suitable power storage device, such as a
charge pump, battery, and/or super-capacitor, for exam-
ple.
[0127] In various instances, further to the above, the
charge accumulator 11800 is not actively charged by the
surgical instrument until at least one trigger event has
occurred. In at least one instance, the cartridge power
management system charges the charge accumulator
11800 after receiving a signal from a NFC antenna of the
surgical instrument. In at least one such instance, the
power transferred from the NFC antenna sufficiently
charges the charge accumulator 11800 to place the
staple cartridge in a charging mode before the staple
cartridge enters into a fully-powered mode. In certain
instances, the cartridge processor emits an identification
beacon to the surgical instrument after the charge accu-
mulator 11800 has been at least partially charged by the
power transferred from the NFC antenna. When the
instrument processor receives the identification beacon
from the staple cartridge, the instrument processor de-
livers additional power to the staple cartridge across the
NFC antenna and/or across a power antenna so that the
cartridge power management system fully charges the
charge accumulator 11800. In various instances, the
charge accumulator 11800 is at least partially charged
by power transmitted to the cartridge NFC antenna from
the control system of the operating room.
[0128] In various embodiments, the surgical instru-
ment is configured to supply power to the staple cartridge
as soon as the staple cartridge is seated in the surgical
instrument. In at least one embodiment, the surgical
instrument immediately supplies power to the staple
cartridge via a low-power data antenna couple, such
as a NFC antenna couple, for example, when the staple
cartridge is seated in the surgical instrument. In such
instances, the cartridge power management system
charges the charge accumulator 11800 as part of a
charging mode. In at least one instance, less than 0.1
W, for example, is supplied to the cartridge power man-
agement system during the charging mode. After the
processor of the staple cartridge has received the wake

trigger or the combination of wake triggers needed to
switch the staple cartridge into its wake mode, the pro-
cessor supplies awoken signal to the surgical instrument
that the staple cartridge is in its wake mode. Once the
processor of the surgical instrument receives the woken
signal, the surgical instrument begins supplying power to
the staple cartridge through a high-power antenna cou-
ple. In such instances, the cartridge power management
system can then complete the charging of the charge
accumulator 11800 if it has not already been fully-
charged. In at least one instance, more that 1.0 W, is
supplied to the cartridge power management system
during the wake mode. In various alternative embodi-
ments, there is only one antenna couple between the
staple cartridge and the surgical instrument. In such
embodiments, the surgical instrument can control
whether low power or high power is supplied to the staple
cartridge via the antenna based on whether the instru-
ment processor has received the woken signal from the
staple cartridge. In any event, if the cartridge power
management system determines that the charge accu-
mulator 11800 has been fully charged and the cartridge
processor hasnot received thenecessarywake trigger or
triggers to switch the staple cartridge into its wakemode,
the cartridge power management system can switch
open the charging circuit supplying power to the charge
accumulator 11800 to stop the charging of the charge
accumulator 11800. In at least one embodiment, the
cartridge processor can emit a charged-but-not-woken
signal to the instrument processor which, upon receiving
this signal, is configured to stop supplying power to the
staple cartridge until the instrument processor has re-
ceived the woken signal from the staple cartridge. Once
the instrument processor has received the woken signal,
in such circumstances, the instrument processor is con-
figured to start supplying power to the staple cartridge at
the high-power level.
[0129] In various embodiments, as described above, a
processor of a staple cartridge is configured to switch
from a low-power, or sleep, mode to a high-power, or
wake, mode when the processor receives a combination
of wake-up triggers. In various embodiments, the pro-
cessor requires a specific combination of triggers to enter
into its wakemode. For instance, the cartridge processor
switches into its wake mode when a sufficient voltage
potential is applied to a first input gate of the processor
and a sufficient voltage potential is applied to a second
input gate of the processor. In various embodiments, the
processor is configured to switch from its sleep mode to
its wakemode after a subset of triggers out of a larger set
of triggers has been received by the processor. In at least
one such embodiment, the processor is configured to
receive three wake triggers but is configured to switch
into itswakemodeafter any twoof thewake triggers have
been received. The voltage potentials do not need to be
applied to the processor gates at the same time, but
embodiments are envisioned in which the wake triggers
must be applied to the processor simultaneously for the
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processor to switch into its wake mode. In at least one
embodiment, a processor is configured to receive two
specific wake triggers at the same time to switch from its
sleep mode to its wake mode. In at least one such
embodiment, one of the wake triggers is the charge
accumulator 11800 reaching a sufficient charge level
and the other trigger is an event, for example. That said,
the charge accumulator 11800 reaching a sufficient
charge level can serve as a wake trigger in any of the
embodiments disclosed herein that includes the charge
accumulator 11800, and/or any other suitable power
storage device. Moreover, various alternative embodi-
ments are envisioned in which the charge accumulator
11800 is not charged until after the cartridge processor
has switched from its sleep mode to its wake mode.
[0130] In various embodiments, the staple cartridges
disclosed herein comprise at least one memory device
configured to storedata regardingaproperty of the staple
cartridge before, during, and/or after the staple firing
stroke and/or a tissue property before, during, and/or
after the staple firing stroke. The memory device is in
communication with the processor and the processor is
configured to read data from the memory device and
communicate the data in a stored data signal that is
transmitted to an antenna of the staple cartridge. In
variousembodiments, theprocessor is configured toemit
the stored data signal only after receiving a key, or key
signal, that unlocks this function of the processor. For
each time that the processor accesses the memory de-
vice to generate the stored data signal, the event is
recorded on thememory device. In this way, the memory
device includes data regarding the number of times that
the memory device has been accessed and when. Such
access data can be included in the stored data signal. If
the key signal supplied to the cartridge processor does
notmatchananticipated keysignal stored in thecartridge
processor and/or memory device, the cartridge proces-
sor does not generate the stored data signal. Instead, the
failed attempt is recorded on the memory device. In this
way, the memory device includes data regarding the
number of times that access to the memory device data
was denied. Such access denial data can be included in
the stored data signal when the proper key signal is
supplied to the cartridge processor. In at least one em-
bodiment, the cartridge processor enters into a locked
mode after the number of failed attempts to access the
memory device has exceeded a threshold. In at least one
instance, the threshold is five failed attempts, for exam-
ple. Once the cartridge processor is in the locked mode,
the cartridge processor is configured to not generate the
stored data signal even if the proper key signal is there-
after provided. In such instances, the data stored on the
memory device is no longer accessible. In at least one
alternative embodiment, the processor is unlockable
after it has entered into its locked mode when a master
key, or master key signal, is provided to the processor.
The master key is different than the key and, in various
instances, may only be held by the original manufacturer

of the staple cartridge, for example. Providing the pro-
cessor with the master key signal would cause the pro-
cessor to emit the storeddata signal even if the processor
is not in the locked mode.
[0131] Further to the above, the data stored on the
memory device can be encrypted or encoded according
to any suitable protocol. After receiving the key and/or
master key, the processor is configured to decrypt or
decode the data stored on thememory device and trans-
mit the decrypted or decoded data in the stored data
signal. However, various alternative embodiments are
envisioned in which the processor is configured to emit
encrypted or encoded data as part of the stored data
signal. In at least one suchembodiment, a decryption key
or code stored on the memory device is included in the
stored data signal. In such embodiments, the surgical
instrument, and/or any suitable system, can decrypt or
decode the data in the stored data system.
[0132] In various instances, the cartridge processor
must receive a unique identification key to create the
stored data signal discussed above. This unique identi-
fication key is predefined and static and anyone who
supplies the unique identification key to the cartridge
processor can access the data stored on the memory
device. In other embodiments, the key needed to access
the data stored on the memory device is dynamic. In at
least one embodiment, the dynamic key includes perfor-
mance information regarding the staple cartridge. Such
performance information can comprise data regarding a
mechanical feature and/or an electrical feature. For in-
stance, the dynamic key can include information regard-
ing thefinal positionof thesled in thestaple cartridgeafter
the staple firing stroke, for example. Also, for instance,
the dynamic key can include information regarding the
maximum current drawn by the electric motor of the
staple firing system drawn during the staple firing stroke,
for example. In such instances, the performance infor-
mation can be shared between the staple cartridge and
the surgical instrument during and/or after the staple
firing stroke. For instance, the staple cartridge can com-
prise a sled position sensor and can communicate the
final position of the sled after the staple firing stroke to the
surgical instrument. Also, for instance, the surgical in-
strument can comprise an electric motor current sensor
and can communicate the peak current drawn by the
electric motor during the staple firing stroke to the staple
cartridge. This performance information can also be
shared with the robotic surgical system and/or the oper-
ating room control system, for example. In any event,
such shared performance data can comprise the dy-
namic key that is used to access the data stored on
the memory device of the staple cartridge.
[0133] In addition to or in lieu of the above, a staple
cartridge comprises a security circuit that is closed when
the movable components of the staple cartridge are ar-
ranged in a specific arrangement. Thesecurity circuit is in
communication with the processor and, when the secur-
ity circuit is in a closed state, the processor is in an
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unlocked state which permits the processor to generate
the stored data signal in response to an interrogation
signal and/or otherwise permit the data stored on the
memory device to be accessed by the surgical instru-
ment, the robotic surgical system, and/or the operating
room control system, for example. When the security
circuit is in an open state, the processor is in a locked
state and is configured to not emit the stored data signal
or permit the data stored on the memory device to be
accessed. In at least oneembodiment, the security circuit
of a staple cartridge is in a closed state when the cover
11900 is not attached to the cartridge body and the sled is
not in its unfired position. In various embodiments, the
security circuit prevents the processor from being pow-
ered by a surgical instrument, for example, when the
security circuit is in its open state. When the security
circuit is in its closed state, the processor can bepowered
by the surgical instrument. When the processor is pow-
ered by the surgical instrument, in such embodiments,
the processor can generate the stored data signal. In at
least one such embodiment, the staple cartridgemust be
seated in the surgical instrument, for example, to com-
plete the security circuit. In at least one embodiment, the
security circuit comprises electrical contacts that engage
corresponding electrical contacts in the surgical instru-
ment, for example, which close the security circuit when
the staple cartridge is seated in the surgical instrument.
[0134] In various embodiments, the security circuit
comprises a security antenna which is in communication
with a corresponding security antenna in the surgical
instrument, for example, when the staple cartridge is
seated in the surgical instrument. In at least one such
embodiment, the sled is positionedbetween thecartridge
security antenna and the instrument security antenna
when the sled is in its unfired position. In such instances,
the sled inhibits or prevents communication between the
staple cartridge and the surgical instrument across the
security antenna couple. After the sled has been moved
distally, the sledno longer blocks the transmissionof data
and/or power between the staple cartridge and the sur-
gical instrument.
[0135] In various embodiments, as discussed above,
the security circuit of a staple cartridge is configurable in
an open state and a closed state. Various alternative
embodiments are envisioned in which the security circuit
is in a closed state, but a detectable property of the
security circuit changes as a result of the moveable
components of the staple cartridge being in a specific
configuration or range of configurations. In at least one
embodiment, the voltage potential across the security
circuit iswithin a first voltage rangewhen the cover 11900
is attached to the cartridge body and the sled is in its
unfired position, a second voltage range when the cover
11900 is removed from the cartridge body and the sled is
in its unfired position, and a third voltage range when the
cover 11900 is removed from the cartridge body and sled
is in a fired position. When the voltage potential across
the security circuit is within the third voltage range, the

processor is in its unlocked state. When the voltage
potential across the security circuit is within the first
voltage rangeor the second voltage range, the processor
is in its locked state, for example.
[0136] In various embodiments, a staple cartridge
comprises an access cover that is opened when the
staple cartridge is seated in the cartridge jaw of the
surgical instrument. When the access cover is opened,
a data access circuit is closed which permits the surgical
instrument to access the memory devices of the staple
cartridge. In at least one instance, a cartridge jaw com-
prises a conductive contact element that bridges an
opening in the data access circuit when the staple car-
tridge is seated in the cartridge jaw and the access cover
is opened. In at least one embodiment, the access door
comprises a foil sheet, for example. In at least one
embodiment, the memory device comprises an RFID
tag, for example. When the staple cartridge is not seated
in the surgical instrument, however, the data access
circuit is in an open condition and the memory devices
of the surgical instrument cannot be accessed.
[0137] The entire disclosures of U.S. Patent No.
8,991,678, entitled SURGICAL INSTRUMENT WITH
STOWING KNIFE BLADE, which issued on March 31,
2015, U.S. Patent No. 10,085,749, entitled SURGICAL
APPARATUS WITH CONDUCTOR STRAIN RELIEF,
which issued on October 2, 2018, and U.S. Patent Ap-
plication Publication No. 2015/0324317, entitled
AUTHENTICATION AND INFORMATION SYSTEM
FOR REUSABLE SURGICAL INSTRUMENTS, which
published on November 12, 2015, are incorporated by
reference herein.
[0138] Further to the above, the memory device of the
staple cartridge canstore anysuitable data. For instance,
the stored data can include the size of the staples stored
in the staple cartridge, the unformed height of the staples
stored in the staple cartridge (which may be reflected in
the color of the cartridge body), the number of staples
stored in the staple cartridge, the arrangement of the
staples stored in the staple cartridge, and/or the length of
the staple pattern of the staples stored in the staple
cartridge (such as 30 mm, 45 mm, or 60 mm, for exam-
ple). Also, for instance, the stored data can include
whether or not the staple cartridge has been fired, when
thestaple cartridgewasfired, thedistance traveledby the
sled during the staple firing stroke, the time lapsed during
the staple firing stroke, the speed of the staple firing
stroke, the accelerations and decelerations of the staple
firing system incurred during the staple firing stroke, the
firing force experienced during the staple firing stroke,
and/or whether a foreign object was encountered and/or
incised during the staple firing stroke. Also, for instance,
the stored data can include the number of sensors in the
staple cartridge, the type of sensors, and/or the location
of thesensors in thecartridgebody.Also, for instance, the
stored data can include the data sensed by the sensors.
Also, for instance, the stored data can include the type of
tissue being stapled, the thickness of the tissue being
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stapled, the properties of the tissue being stapled, and/or
the position of the tissue between the jaws of the end
effector. Also, for instance, the stored data can include
the manufacturing date of the staple cartridge, the lot to
which the staple cartridge belongs, the manufacturing
location of the staple cartridge, the manufacturer of the
staple cartridge, the sterilization date of the staple car-
tridge, the type of sterilant used to sterilize the staple
cartridge, the expiration date of the staple cartridge,
and/or whether the staple cartridge was fired past the
expiration date and by how much.
[0139] According to at least one method, a staple
cartridge is removed from its package and seated in
the cartridge jaw of a stapling instrument. The stapling
instrument is then attached to an armof a robotic surgical
system and the robotic surgical system is powered on
and/or switched from a sleepmode to a wakemode. The
control system of the robotic surgical system is config-
ured to transmit electrical power down through the sur-
gical instrument to assess whether or not the staple
cartridge is seated in the cartridge jaw and then transmit
mechanical power down through the surgical instrument
to assess whether or not the staple cartridge is in an
unfired condition. In at least one embodiment, further to
theabove, the robotic surgical systemsendspower to the
data antenna, such as an NFC antenna, for example, in
the surgical instrument to supply power to the staple
cartridge. As discussed above, the staple cartridge is
configured to return an identification signal back to the
surgical instrument. In various instances, this identifica-
tion signal is processed on the surgical instrument and/or
in the robotic surgical system. In either event, the staple
cartridge is validated if the authentication procedure is
successful. If the authentication procedure is unsuccess-
ful, the robotic surgical system is configured to notify the
clinician operating the robotic surgical system. In order to
verify if the staple cartridge is unspent, i.e., not previously
fired, thestaplefiringmember isadvanceddistally asmall
stroke by a motor drive of the surgical instrument and/or
robotic surgical system. If the staple firingdrive is blocked
by a mechanical feature in the surgical instrument, then
the robotic surgical system is configured to determine
that the staple cartridge has been previously spent and
prevents thestaple cartridge frombeingfired. If thestaple
firing system is not blocked by the mechanical feature,
then the robotic surgical system is configured to stop the
staple firing drive after the small stroke and determine
that the staple cartridge is unfired. In addition to the
identification data transmitted from the staple cartridge
to the surgical instrument and/or robotic surgical system,
the staple cartridge can also transmit data stored on a
cartridge memory device including the expiration date of
the staple cartridge, the length of the pattern of staples
stored in the staple cartridge, the unformed height of the
staples stored in the staple cartridge, the color of the
plastic cartridge body, the manufacturer of the staple
cartridge, and/or whether the staple cartridge has been
fired. If the received parameters of the staple cartridge do

not match the required parameters of the staple car-
tridge, then the clinician operating the robotic surgical
system is notified.
[0140] In addition to the above, the staple cartridge,
surgical instrument, and/or robotic surgical system are
configured to mitigate errors in and/or data missing from
the cartridge data supplied by the staple cartridge. Data
may be missing or have errors resulting from shorting
within the sensors, corrosion, an incompatible or incor-
rect staple cartridge being used, electronic interference
from adjacent surgical instruments and/or surgical sys-
tems, software bugs, defective hardware, and/or the
sterilization process, for example. As such, one or more
forms of redundancy can be employed to improve the
likelihood that the surgical instrument and/or robotic sur-
gical system receive the data from the staple cartridge.
For instance, in at least one embodiment, the same data
is stored in different locations within the stored data
signal. In such instances, some data may be lost or
corrupted in one part of the signal but can be obtained
from another part of the signal. Also, the stored data can
include data from two different sources that can be seen
as functional equivalents. For instance, data froma force,
or load, sensor in the staple firing drive and data from a
current sensor monitoring the current drawn by the elec-
tric motor of the staple firing drive can both be part of the
stored data. In such instances, if the force sensor data is
lost or corrupted in the signal, the processor can rely on
the current sensor data to assess the forces experienced
by the staple firing drive, for example.
[0141] In at least one embodiment, a staple cartridge
can comprise more than one memory device with the
stored data. In at least one such embodiment, the pro-
cessor of the staple cartridge emits a first stored data
signal including the data from a first memory device and
thenasecondstoreddata signal including thedata froma
second memory device as part of an authentication or
interrogation process of the staple cartridge. If the data
from the first memory device and the second memory
device is uncorrupted, in at least one embodiment, the
first stored data signal will match the second stored data
signal. In at least one embodiment, the first stored data
signal comprises a first signal header at the beginning of
the first stored data signal and the second stored data
signal comprisesasecondsignal header at thebeginning
of thesecondstoreddatasignalwhich isdifferent than the
first signal header. In such instances, the surgical instru-
ment processor and/or the control system of the robotic
surgical system are able to differentiate between the first
stored data signal and the second data signal. If the
surgical instrument processor and/or the control system
of the robotic surgical system determine that the either of
the signals was corrupted and/or missing data, they are
configured to establish a preference for the other signal.
In various instances, thefirstmemorydevice is locatedon
a first lateral side of the staple cartridge while the second
memory device is located on a second, or opposite,
lateral side of the staple cartridge. Such an arrangement
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can reduce the possibility of electronic interference ef-
fecting both signals. In at least one embodiment, the
staple cartridge comprises a first data antenna for trans-
mitting the first stored data signal and a second data
antenna for transmitting the second data signal.
[0142] The staple cartridge, surgical instrument, an-
d/or robotic surgical system can be configured to take
other mitigation efforts if the data contained in the stored
data signal is corrupted and/or missing. In various in-
stances, the staple cartridge can increase the power of
the stored data signal if data is missing from the signal
received by the surgical instrument and/or robotic surgi-
cal system. In at least one instance, the processor of the
surgical instrument and/or robotic surgical system can
increase its noise threshold if the data received from the
staple cartridge is corrupted.
[0143] In various embodiments, the data and/or power
transmitted between the surgical instrument and the
staple cartridge can be continuous or intermittent. In
various embodiments, the transferred data may com-
prise discrete digital data and/or continuous analog data,
for example. When transferring digital data, RFID, NFC,
Hitachi UHF, Bluetooth, Zigbee, mm wave, WiFi 802.11
and/or any other suitable wireless system can be used.
Also, when transferring digital data, wired LAN commu-
nications, 1-wire communication, EPROMIC, I2C, and/or
any other suitable devices can be used. The various
types of digital data that can be transferred includes
motor feedback comprising the current magnitude, the
time rate of change of the current, the torque magnitude,
the time rate of change of the torque, position data from
the encoder, the torque constant, magnetic strength,
number of wire turns, armature length, data regarding
the torque-current curve, motor regulation, EMF con-
stant, dynamic resistance, back EMF, angular speed,
motor speed, and//or the motor speed time rate of
change, for example. Other transferred data can include
the instrument handle hardware configuration and/or
data regarding physical contacts and/or switches, for
example.
[0144] Further to the above, the transferred analog
data can include electrically-derived and mechanically-
derived data. Electrically-derived data can include mag-
netic indicators, Hall Effect sensor data, data regarding
thestateof switches, diodedata, theopeningor closingof
a circuit, and/or the destruction of a circuit such as when
thesledand/or tissuecutting knife cutsa circuit during the
staple firing stroke, for example. Mechanically-derived
data can includemagnitude-baseddata suchas the force
transmitted by the motor and/or the motor current, for
example, related to specific events of the staple firing
stroke such as the firing member contacting the sled, the
sled being dislodged from its proximal unfired position,
the formation of the staples, and/or the firing member
contacting and/or destroying a detent feature of the sta-
ple cartridge, for example. Mechanically-derived data
can also include time-based data comparing the perfor-
mance data of the motor to the time in which the event

occurred and/or position-based data comparing the per-
formance data of themotor with the position of the staple
firing drive, for example. Mechanically-derived data can
also include feature-based data such as when the staple
firing drive opens and/or closes a gate and/or when a
detent feature of the staple cartridge is destroyed by the
staple firing drive, for example.
[0145] In various embodiments, a surgical system,
such as a robotic surgical system, for example, can
include a visualization system including at least one
camera which is configured to observe a parameter of
the staple cartridge, for example, and modify the opera-
tion of the robotic surgical system, surgical instrument,
and/or staple cartridge based on the observation. For
instance, the visualization system is configured to detect
and evaluate physical features, or markers, on the staple
cartridge and the cartridge jaw to assess whether the
staple cartridge is fully seated in the cartridge jaw. If the
markers on the staple cartridge and cartridge jaw are not
properly aligned, the visualization systemcan instruct the
robotic surgical system to lock out the jaw clamping
and/or staple firing functions of the robotic surgical sys-
tem, for example. In various embodiments, the visualiza-
tion system can instruct the robotic surgical system to
warn the operator that the staple cartridge may not be
seated correctly in the cartridge jaw. Also, for instance,
the visualization system is configured to detect whether
an implantable adjunct is attached to the deck of the
staple cartridge and/or whether the implantable adjunct
is aligned with the deck of the staple cartridge. Similar to
the above, the implantable adjunct and the staple car-
tridge comprise markers which the visualization system
can detect and compare to assess whether the implan-
table adjunct is sufficiently aligned and, if it is not, instruct
the robotic surgical system to warn the operator.
[0146] In various embodiments, further to the above, a
visualization system is configured to observe the color of
the cartridge body and provide this data to the robotic
surgical system which can display this data to the opera-
tor. In various instances, the color of the cartridge body
signifies the size and/or unformed height of the staples
contained therein. The robotic surgical system is config-
ured to assess whether the staples contained in the
staple cartridge are suitable for the surgical procedure
being performedand, if theyare not,warn theoperator. In
various instances, the visualization system is configured
to read a bar code and/or a QR code, for example, on the
staple cartridge and provide this data to the robotic
surgical system which can display this data to the opera-
tor. Similar to the above, this data can include the size
and/or unformed height of the staples contained therein.
The robotic surgical system is configured to assess
whether the staples contained in the staple cartridge
are suitable for the surgical procedure being performed
and, if they are not, warn the operator. The QR code, for
example, can include the serial number of the staple
cartridge, themanufacturing date, and/or data identifying
the manufacturer of the staple cartridge, for example. In
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various embodiments, the QR code contains the decryp-
tion key, or a portion of the decryption key, to access the
memory devices in the staple cartridge. In various em-
bodiments, the QR code, for example, is molded into the
cartridge body, laser-etched into the cartridge body an-
d/or pan, and/or printed on the cartridge body and/or pan,
for example.
[0147] As discussed above, referring again to FIG. 1,
the surgical instrument 10000 comprises a shaft 10200
and an end effector 10400 rotatably coupled to the shaft
10200 about an articulation joint 10500. The surgical
instrument 10000", referring to FIGS. 8‑8D, is similar to
the surgical instrument 10000 in many respects, many of
whicharenotdiscussedherein for thesakeofbrevity.The
surgical instrument 10000", like the surgical instrument
10000, comprises a staple firing drive which is operable
to perform a staple firing stroke to eject the staples from
the staple cartridge 11000". The staple firing drive in-
cludes an electricmotor, a tissue cutting knife 10630, and
a firing bar 10640 that is driven distally by the electric
motor to push the tissue cutting knife 10630 through the
staple cartridge 11000" during the staple firing stroke. In
such instances, the tissue cutting knife 10630 contacts
the sled 11400 of the staple cartridge 11000" and pushes
the sled 11400 distally to eject the staples as the tissue
cutting knife 10630 is advanced distally through the
staple firing stroke. The tissue cutting knife 10630 further
comprises a first cam 10610 configured to engage the
first jaw 10410 and a second cam 10620 configured to
engage the second jaw 10420 during the staple firing
stroke. The first cam 10610 and the second cam 10620
are configured to cooperatively hold the jaws 10410 and
10420 in position relative to one another as the staples
are being deformed against the second jaw 10420.
[0148] In various embodiments, the staple firing drive
can also be used to close the end effector 10400. In at
least one such embodiment, the tissue cutting knife
10630 is advanced distally during a closure stroke such
that the second cam 10620 contacts the second jaw
10420 and moves the second jaw 10420 from an open
position to a closed position. After the closure stroke, the
staplefiringdrivecanbe re-actuated toperform thestaple
firing stroke discussed above. In alternative embodi-
ments, the surgical instrument comprises separate and
distinct closing and staple firing drives. In at least one
such embodiment, the closing drive is actuated to close
the second jaw 10420 and the staple firing drive is then
separately actuated to perform the staple firing drive. In
either event, the cams 10610 and 10620 can co-operate
to hold the jaws 10410 and 10420 together during the
staple firing stroke. That said, other embodiments are
envisioned without one or both of the cams 10610 and
10620.
[0149] Further to the above, the surgical instrument
10000", like the surgical instrument 10000, comprises a
lockout 10700 which prevents the staple firing stroke
from being performed if the first jaw 10410 is empty,
i.e., missing a staple cartridge, the staple cartridge is

positioned in the first jaw 10410 but not fully-seated in the
first jaw10410, and/or the staple cartridge is seated in the
first jaw 10410 but has been previously fired. In any of
these instances, the tissue cutting knife 10630 is pushed
downwardly by a spring (in the shaft 10200) into a recess
10710 defined in the first jaw10410when the staple firing
stroke is initiated such that the tissue cutting knife 10630
contacts a lock shoulder 10720 and the tissue cutting
knife 10630 is blocked from being advanced further dis-
tally. At such point, the surgical instrument 10000" is
locked out and the staple firing stroke cannot be per-
formed until an unspent staple cartridge is fully seated in
the first jaw 10410. When an unspent staple cartridge is
fully seated in the first jaw 10410 and the staple firing
stroke is re-initiated, the tissue cutting knife 10630
passes over the lock shoulder 10720 of the lockout
10700 and the staple firing stroke can be completed.
More specifically, the sled 11400 of the staple cartridge
11000" supports the tissue cutting knife 10630 above the
lock shoulder 10720 when the sled 11400 is in its prox-
imal, unfired position at the beginning of the staple firing
stroke. Theabovebeing said, any suitable lockout canbe
used.
[0150] The entire disclosures of U.S. Patent No.
7,143,923, entitled SURGICAL STAPLING INSTRU-
MENT HAVING A FIRING LOCKOUT FOR AN UN-
CLOSED ANVIL, which issued on December 5, 2006;
U.S. Patent No. 7,044,352, SURGICAL STAPLING IN-
STRUMENT HAVING A SINGLE LOCKOUT MECHAN-
ISM FOR PREVENTION OF FIRING, which issued on
May 16, 2006; U.S. Patent No. 7,000,818, SURGICAL
STAPLING INSTRUMENT HAVING SEPARATE DIS-
TINCTCLOSINGANDFIRINGSYSTEMS,which issued
on February 21, 2006; U.S. Patent No. 6,988,649, SUR-
GICAL STAPLING INSTRUMENT HAVING A SPENT
CARTRIDGE LOCKOUT, which issued on January 24,
2006; and U.S. Patent No. 6,978,921, SURGICAL STA-
PLING INSTRUMENT INCORPORATING AN E-BEAM
FIRING MECHANISM, which issued on December 27,
2005, are incorporated by reference herein.
[0151] Further to the above, the cartridge body 11100
comprises a longitudinal slot 11150defined thereinwhich
is configured to receive the tissue cutting knife 10630
during the staple firing stroke. The longitudinal slot 11150
comprises a wide proximal end 11152 leading into a
longitudinal portion 11156. The longitudinal slot 11150
further comprises bumps, or projections, 11154 that ex-
tend inwardly into the longitudinal portion 11156. The
bumps 11154 releasably hold the sled 11400 in its prox-
imal, unfired position until the sled 11400 is pushed
distally by the tissue cutting knife 10630 during the staple
firing stroke. Such an arrangement prevents, or reduces
the possibility of, the sled 11400 being accidentally
pushed distally when the staple cartridge 11000" is
seated in the first jaw 10410, for example. The bumps
11154 can also be contacted by the tissue cutting knife
10630 during the staple firing stroke. In such instances,
the tissue cutting knife 10630 can yield, plastically de-
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form, and/or destroy one or both of the bumps 11154.
Suchaneventmaycreateamomentarypulseor increase
in the forceneeded tomove the tissuecutting knife 10630
distally that is detectable by the control system operating
the staple firing drive, as discussed further below. Nota-
bly, the bumps 11154 are positioned distally with respect
to the lockout 11700 and, as such, the tissue cutting knife
10630will pass by the lockout 11700 and then the bumps
11154 at the beginning of the staple firing stroke. The
above being said, alternative embodiments of are envi-
sioned with two sets of bumps - one set of bumps 11154
for holding the sled 11400 in position and a second set of
bumps for creating the detectable force pulse.
[0152] Sensors in an end effector of a surgical instru-
mentmeasure various tissue parameters and instrument
parameters that allow the surgical instrument to perform
a number of tasks. Although higher sensor sampling
ratesaregenerally associatedwithmoreaccurate sensor
data, indiscriminately maximizing the sampling rates of
all the sensors within an end effector while the surgical
instrument is active is quite taxing on power consump-
tion, data transmission, and/or data processing.
[0153] Various aspects of the present disclosure are
directed to circuits and/or algorithms for optimizing sen-
sor data collection, transmission, and/or processing
based on real-time constraints of data bandwidth or
capacity, power transfer or discharge rate, and/or re-
maining power capacity.
[0154] Additionally, or alternatively, various aspects of
the present disclosure are directed to circuits and/or
algorithms that optimize sensordata collection, transmis-
sion, and/or processing based on one or more detected
aspects of the surgical instrument, the surgical task being
performed by the surgical instrument, and/or signal(s)
from a situationally-aware surgical hub, which can repre-
sent a priority level of the sensor data, as discussed in
greater detail below.
[0155] In various aspects, the surgical instrument may
require different sensor arrangements for different tasks.
Also, sensor-data resolution requirements may vary be-
tween different tasks and, in certain instances, within the
duration of a single task. Various aspects of the present
disclosure are directed to circuits and/or algorithms that
optimize sensor data collection, transmission, and/or
processing based on various contextual information de-
rived from various sources of data, as discussed in great-
er detail below.
[0156] Optimizing sensor data collection, transmis-
sion, and/or processing can be achieved by modulating,
adapting, or adjusting one or more sensor parameters
associated with data collection, transmission, and/or
processing such as, for example, sensor sampling rate,
sampling drive current and/or voltage, collection rate,
sensor data resolution, sensor-data transmission rate,
durationof activation, and/or frequencyof activation. In at
least one example, a sensor, or a group of sensors, can
be switched to an inactive mode, an idler mode, or an
activemode to optimize sensor data collection, transmis-

sion, and/or processing.
[0157] FIG. 13 is a logic flow diagram of an algorithm
1000 depicting a control program or a logic configuration
for optimizing sensor data collection, transmission, an-
d/or processing in connection with a sensor array con-
figured todetect oneormore conditionsof anendeffector
of a surgical instrument. In the illustrated example, the
algorithm 1000 includes detecting 1002 a bandwidth or
capacity (B) of data transmission between the sensor
array and a remote processing unit, detecting 1004 a
discharge rate (D) of a power source configured to supply
power to the end effector, and modulating 1008 a sensor
parameter of a sensor, or a subset of sensors, of the
sensor array based on a detected value of the bandwidth
(B) and a detected value of the discharge rate (D). In
certain instances, the algorithm 1000 further includes
detecting 1006 a remaining capacity (R) of the power
source, and modulating 1008 a sensor parameter of the
sensor, or the subset of sensors, of the sensor array
further based on a detected value of the remaining ca-
pacity (R) of the remote power source. In certain in-
stances, as described in greater detail below, sensor-
parameter modulation can be achieved by selecting a
sensor-parameter value based on detected values of
bandwidth (B), discharge rate (D), and/or remaining ca-
pacity (R).
[0158] FIG. 14 is a logic flow diagram of another algo-
rithm 1010 depicting a control program or a logic config-
uration for optimizing sensor data collection, transmis-
sion, and/or processing in connectionwith a sensor array
configured to detect one or more conditions of an end
effector of a surgical instrument. The algorithm 1010
includes receiving 1012 one or more signals indicative
of a priority level of sensor data of a subset of sensors of
the sensor array, and modulating 1014 a sensor para-
meter of the subset of sensors based on the detected
priority level of the sensor data. Additionally, or alterna-
tively, the algorithm 1010may further includemodulating
1016 a sensor parameter of another subset of sensors
based on the priority level of the sensor data.
[0159] As discussed above, the sensor parameter
modulation (e.g. 1014, 1016) can be performed on one
or more sensor parameters associated with data collec-
tion, transmission, and/or processing such as, for exam-
ple, sensor sampling rate, sampling drive current and/or
voltage, collection rate, sensor data resolution, sensor-
data transmission rate, duration of activation, and/or
frequency of activation. In certain instances, themodula-
tion (e.g. 1014, 1016) of the sensor parameter of the
subset of sensors is further based on real-time con-
straints of data bandwidth (B) , power discharge rate
(D), and/or power remaining capacity (C), for example.
[0160] In certain instances, sensor-parameter modu-
lation comprises adjusting the content of the sampling
waveform/signal (i.e. spectrum of light, frequency of vi-
bration,AC frequencies, etc.). In other instances, sensor-
parameter modulation comprises adjusting sampling
time of the signal analyzer, reducing the number of active
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sensors, multiplexing/combining individual sensors into
a single sensor, and/or analyzing different combinations
of sensors.
[0161] Furthermore, sensor-parameter modulation
can include one or more stepped adjustments to the
sensor parameter, which may be implemented over
one or more predetermined time periods. Additionally,
or alternatively, sensor-parameter modulation can in-
clude one or more gradual adjustments to the sampling
parameter, whichmay be implemented over one or more
predetermined time periods.
[0162] In certain instances, a sensor parameter can be
modulated to a value equal to, or at least substantially
equal to, zero. Further, sensor-parameter modulations
can be separated by periods of no modulation, for ex-
ample. In various instances, sensor-parameter modula-
tion can be implemented in accordance with one or more
preset equations, tables, and/or databases, as dis-
cussed in greater detail below.
[0163] Further to the above, the algorithm 1010 may
include adjusting a sensor parameter of a first subset of
sensors of the sensor array based on the priority level of
the sensor data received from a second subset of the
sensor array. For example, during articulation of the end
effector, the algorithm 1010 may decrease a sampling
parameter of a first subset of sensors relevant to closure
and/or firing of the end effector, and may increase a
sampling parameter of a second subset sensors relevant
to articulation. The adjustments improve the resolution of
the articulation sensor data without data and/or power
overtaxing. In another example, during firing of the end
effector, the algorithm 1010 may decrease the sampling
parameter of the second subset of sensors relevant to
closure of the end effector, and may increase the sam-
pling parameter of the first subset of sensors relevant to
firing. Additionally, or alternatively, during closure, the
algorithm 1010 may increase the sampling parameter
of the second subset of sensors relevant to closure of the
end effector, and may increase the sampling parameter
of the first subset of sensors relevant to firing. In at least
one example, the articulation, firing, and/or closure dura-
tions can be ascertained based on situational awareness
data, as discussed in greater detail below.
[0164] FIG. 15 is a logic flow diagram of another algo-
rithm 1080 depicting a control program or a logic config-
uration for optimizing sensor data collection, transmis-
sion, and/or processing in connectionwith a sensor array
configured to detect one or more conditions of an end
effector of a surgical instrument. In the illustrated exam-
ple, the algorithm1080determines 1081apriority level of
one or more subsets of sensors of the sensor array. In
certain instances, the priority level can be determined
based on one or more signals indicative of the priority
level such as, for example, the task being performed, or
about to be performed, by the surgical instrument. In any
event, if 1082 the priority level is determined to be a high
priority level, the one or more subsets of sensor are
switched to an active mode 1083, for example. However,

if 1082 the priority level is determined to be a low priority
level, the one or more subsets of sensor are switched to
an idler mode 1084, for example.
[0165] In various aspects, the active mode 1083 is
defined by one or more higher values of sensor para-
meters associated with data collection, transmission,
and/or processing suchas, for example, sensor sampling
rate, sampling drive current and/or voltage, collection
rate, sensor data resolution, sensor-data transmission
rate, duration of activation, and/or frequency of activa-
tion. On the contrary, the idler mode 1084 is defined by
lower values of such sensor parameters compared to the
activemode 1083. As such, sensor data in the idlermode
1084 can be associated with higher noise and a lowered
resolution. In certain instances, the priority level of a
subset of sensors is determined to be a high priority level,
which triggers a switch to the active mode 1082, if a
variation, or a spike, in the high noise/ low resolution
sensor data is detected.
[0166] FIG. 16 illustrates various aspects of a surgical
system 1020 configured to implement aspects of one or
more algorithms for optimizing sensor data collection,
transmission, and/or processing such as, for example,
the algorithms 1000, 1010, 1080. In the illustrated ex-
ample, the surgical system 1020 includes a surgical
instrument 1022 including a control circuit 1026. The
surgical instrument 1022 may also include wired and/or
wireless communication circuits to communicate with a
surgical hub 1024, a local server, and/or a cloud-based
system. In certain instances, the surgical instrument
1022 is a handheld surgical instrument. In other in-
stances, the surgical instrument 1022 is a robotic surgical
tool.
[0167] In the illustrated example, the control circuit
1026 includes a microcontroller 1028 comprising one
or more processors 1030 (e.g., microprocessor, micro-
controller) coupled to at least one memory circuit 1032.
The memory circuit 1032 stores machine-executable
instructions that, when executed by the processor
1030, cause the processor 1030 to implement various
processesoralgorithmsdescribedherein.Theprocessor
1030 may be any one of a number of single-core or
multicore processors known in the art. The memory
circuit 1032 may comprise volatile and non-volatile sto-
ragemedia. The processor 1030 may include an instruc-
tion processing unit and an arithmetic unit. The instruc-
tion processing unitmay be configured to receive instruc-
tions from thememory circuit 1032 of this disclosure. The
control circuit 1026 may comprise analog or digital cir-
cuits such as, for example, programmable logic devices
(PLD), field programmable gate arrays (FPGA), discrete
logic, or other hardware circuits, software, and/or firm-
ware, or other machine executable instructions to per-
form the functions explained in the present description.
[0168] Further to the above, the control circuit 1026 is
in signal communication with a motor driver 1034, a
feedback system 1038, a power source 1043 (e.g. a
battery, a super capacitor, or any other suitable energy
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source), and a sensor array 1036 configured to detect
one or more conditions of an end effector 1040 of the
surgical instrument 1022. An electric motor 1042, driven
by the motor driver 1034, operably couples to a long-
itudinally movable displacement member 1044 config-
ured to drive firing, closure, and/or articulationmotions at
the end effector 1040, as explained in greater detail
elsewhere herein. In certain instances, a surgical instru-
ment 1022 may include dedicated motor drivers and/or
motors for firing, closure, and/or articulation.
[0169] In certain instances, the control circuit 1026
may control the motor 1042 by generating a motor set
point signal. The motor set point signal may be provided
to the motor driver 1034. The motor driver 1034 may
comprise one or more circuits configured to provide a
motor drive signal to the motor 1042 to drive the motor
1042 as described herein. In some examples, the motor
1042 may be a brushed DC electric motor. For example,
the velocity of the motor 1042 may be proportional to the
motor drive signal. In some examples, the motor 1042
maybeabrushlessDCelectricmotor and themotor drive
signal may comprise a PWM signal provided to one or
more stator windings of the motor 1042. Also, in some
examples, themotor driver 1034may be omitted, and the
control circuit 1026 may generate the motor drive signal
directly.
[0170] In various arrangements, the sensor array 1036
may comprise any suitable sensor for detecting one or
more conditions at the end effector 1040 including, with-
out limitation, a tissue thickness sensor such as a Hall
EffectSensorora reedswitchsensor, anoptical sensor, a
magneto-inductive sensor, a force sensor, a pressure
sensor, a piezo-resistive film sensor, an ultrasonic sen-
sor, an eddy current sensor, an accelerometer, a pulse
oximetry sensor, a temperature sensor, a sensor config-
ured to detect an electrical characteristic of a tissue path
(such as capacitance or resistance), or any combination
thereof. In certain instances, and without limitation, the
sensor array 1036 may include one or more sensors
located at, or about, articulation joint of the surgical
instrument 1022 such as, for example, a potentiometer,
a capacitive sensor (slide potentiometer), piezo-resistive
film sensor, a pressure sensor, a pressure sensor, or any
other suitable sensor type. In some arrangements, the
sensor array 1036 may comprise a plurality of sensors
located in multiple locations in, or on, the end effector
1040.
[0171] Still referring to FIG. 16, the surgical instrument
1022 further includes a transmission system 1045 con-
figured to transfer a data/communication signal from the
microcontroller 1028 to the end effector 1040. Addition-
ally, or alternatively, the transmission system 1045 can
further be configured to transfer power from the power
source 1040 to the end effector 1040. In at least one
exemplification, the data transfer and/or power transfer is
achieved through a wired connection. In another exem-
plification, the data transfer and/or power transfer is
achieved through a wireless connection. In certain in-

stances, the transmission system1045 includeswireless
connection portions and wired connection portions. The
wirelessconnectionportions facilitatea reliable transmis-
sion of power and/or data over moving parts of the
surgical instrument 1022 such as, for example, an articu-
lation joint.
[0172] In various exemplifications, the transmission
system 1045 employs one or more wireless communica-
tionprotocols suchas, for example, a low frequencyRFID
protocol, a high frequency RFID protocol, a near field
communication (NFC) protocol, an ultra-high frequency
RFID protocol, a Bluetooth communication protocol, a Qi
protocol, or a proprietary communication protocol, or any
other suitable communication protocol. United States
Patent U.S. 9,171,244, issued October 27, 2015, and
titled RFID TAG, which is incorporated by reference
herein in its entirety, discloses a short range wireless
communication mechanism.
[0173] In at least one example, an NFC protocol may
utilize a gross bit rate of 426 kbits/s. Other gross bit rates
are contemplated by the present disclosure. In certain
instances, the transmission system 1045will run at lower
bit rates due to excessive noise, for example. In certain
instances, the NFC communication protocol utilizes a
half-duplex communication.
[0174] The transmission system 1045 connects the
end effector 1040 to a remote processing unit such as,
for example, the processor 1030 and/or a remote power
source such as, for example, the power source 1043. In
certain exemplifications, the remote processing unit an-
d/or the power source can be located at a remote prox-
imal location from the end effector 1040 such as, for
example, in a proximal housingor a handle of the surgical
instrument 1022. The transmission system1045ensures
a reliable connection between the end effector 1040 and
the remote processing unit and/or the remote power
source.
[0175] As discussed above, the end effector 1040may
include a sensor array 1036 configured to monitor one or
more aspects of the surgical instrument 1022 and/or
tissue grasped by the end effector 1040. In at least one
exemplification, the sensor array 1036 is incorporated, or
partially incorporated, into a staple cartridge 1046 relea-
sably couplable to a cartridge channel 1048 of the end
effector 1040. At least one of the cartridge channel 1048
andananvil 1031 ismovable relative to theother to grasp
the tissuebetween theanvil 1031and thestaple cartridge
1046. The transmission system 1045 can be configured
to transfer power to the staple cartridge 1046 for opera-
tion of the sensor array 1036. Additionally, or alterna-
tively, the transmission system 1045 may transfer a
data/communication signal between the staple cartridge
1046 and the microcontroller 1028, for example.
[0176] As described in greater detail below, various
components of the transmission system 1045 are ar-
ranged, or positioned, in a manner that facilitates a
wireless transmission of power and/or a data signal with-
in the end effector 1040 such as, for example, from a

5

10

15

20

25

30

35

40

45

50

55



50

95 EP 4 521 595 A2 96

cartridge support channel of the end effector 1040 to a
staple cartridge 1046 releasably insertable into the car-
tridge support channel. Additionally, or alternatively, the
transmission system 1045 can be arranged, or posi-
tioned, in a manner that facilitates a wireless transmis-
sion of power and/or a data signal from a shaft of the
surgical instrument 1022 to the end effector 1040 across
an articulation joint connecting the shaft and the end
effector 1040, for example.
[0177] In various instances, the staple cartridge 1046
may house, or at least partially house, the sensor array
1036.Thepowersource1043canbeconfigured topower
the sensor array 1036. Power supplied by the power
source 1043 can be wirelessly transferred to the staple
cartridge 1046 through the transmission system 1045.
Furthermore, the microcontroller 1028 can be in signal
communication with the sensor array 1036. Data/com-
munication signals can be wirelessly transferred be-
tween the surgical instrument 1022 and the staple car-
tridge 1046 through the transmission system 1045.
Further, various command signals can also be trans-
ferred using the transmission system 1045 to the sensor
array 1036.
[0178] Referring to FIGS. 16 and 17, in certain in-
stances, the staple cartridge1046 includesa local control
circuit 1049 in communication with the sensor array
1036. The local control circuit 1049 and/or the sensor
array 1036 can be powered wirelessly by the power
source 1043 through the transmission system 1045.
FIG.17 illustratesanexample implementationof the local
control circuit 1049. In the illustrated example, the local
control circuit 1049 includes a local microcontroller 1076
with a local processor 1041 and a local memory circuit
1047. The localmemory circuit 1047may storemachine-
executable instructions that, when executed by the pro-
cessor 1041, may cause the processor 1041 to imple-
ment various processes or algorithms in accordancewith
the present disclosure. The processor 1041 may be any
one of a number of single-core or multicore processors
known in the art. Thememory circuit 1047may comprise
volatile and non-volatile storage media. The processor
1041 may include an instruction processing unit and an
arithmetic unit. The instruction processing unit may be
configured to receive instructions from thememorycircuit
1047 of this disclosure. In certain instances, the control
circuit 1049 may comprise analog or digital circuits such
programmable logic devices (PLD), field programmable
gate arrays (FPGA), discrete logic, or other hardware
circuits, software, and/or firmware, or other machine
executable instructions to perform the functions ex-
plained in the following description.
[0179] In certain instances, the control circuit 1049
comprises a sensor circuit. Signals (e.g., voltage, cur-
rent, resistance, impedance, capacitance, inductance,
frequency, phase, etc.) from the sensors of the sensor
array 1036 can be conditioned by the sensors circuit.
[0180] Further to the above, the local microcontroller
1076 can be in wireless signal communication with the

microcontroller 1028 through the transmission system
1045. Sensor data of the sensor array 1036 can be
collected and prepared for transmission by the local
control circuit 1049. The local microcontroller 1076 can
be configured to compress the sensor data prior to
transmission to the control circuit 1026 through the trans-
mission system 1045.
[0181] Various aspects of one, or more, algorithms
described by the present disclosure can be executed
by the control circuit 1026, the control circuit 1049, or
both in collaboration. For brevity, the following descrip-
tion will only focus on an execution by the control circuit
1049 or an execution by the control circuit 1026, but this
should not be construed as limiting.
[0182] FIGS. 6‑8 illustrate different implementations
1051, 1052, 1053 of the transmission system 1045.
The reader will understand that other implementations
are contemplated by the present disclosure. FIG. 8 illus-
trates an example implementation 1053 of the transmis-
sion system 1045 where data and power are wirelessly
transmitted separately using two independent pathways.
Alternatively, FIG. 7 illustrates an example implementa-
tion 1052 of the transmission system 1045 where data
andpower arewirelessly transmitted sequentially usinga
single pathway. Alternatively, FIG. 6 illustrates an exam-
ple implementation 1051 of the transmission system
1045 where data and power are wirelessly transmitted
simultaneously using a single pathway.
[0183] Through the transmission system 1045, and as
described in the implementations 1051, 1052, 1053 of
FIGS. 6‑8, the staple cartridge 1046 can be supplied by
power wirelessly from the power source 1043. The sup-
plied power is utilized in collection and/or signal proces-
sing of sensor data of the sensor array 1036. In certain
instances, the power is supplied by the power source
1043 directly to the sensor array 1036. Alternatively, a
local power source such as, for example, the charge
accumulator 11800 (FIG. 7) may supply the power to
the sensor array 1036. The charge accumulator 11800
may includea storage capacitorwhich canbe chargedby
power supplied by the power source 1043. In various
aspects, discharge rate (D) and/or remaining-charge
capacity (C) can be detected, or monitored, by a charge
meter.
[0184] Further to theabove, thecontrol circuit 1049can
be configured, or programmed, to modulate 1008 a sen-
sor parameter of one or more subsets of sensors of the
sensor array 1036 to balance power drawwith remaining
power capacity in accordance with one or more equa-
tions, tables, and/or databasesstored, for example, in the
memory circuit 1032, or the memory circuit 1047. As
illustrated in FIG. 18, a sampling rate (S) can be selected
froma table 1090based on detected values of bandwidth
(B), discharge rate (D), and/or remaining capacity (R).
For example, detected values B1, D1, R1, cause the
control circuit 1049, to select a sampling rate (S1). The
sampling rate (S) of oneormore subsetsof sensorsof the
sensor array 1036 can then be adjusted to the sampling
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rate (S1), for example. Accordingly, collection and/or
signal processing of the sensor data of the sensor array
1036 can be automatically adjusted by the control circuit
1026, or the local control circuit 1049, to balance power
draw with remaining capacity.
[0185] Referring primarily to FIGS. 15, and 16, a con-
trol circuit 1026 can be configured to determine the
priority level of sensor data received from a subset of
sensors of the sensor array 1036 based one or more
signals indicativeof thepriority level. In certain instances,
the signal is transmitted to the control circuit 1026 from
thesurgical hub1024. In other instances, the oneormore
signals are transmitted to the control circuit 1026 from
one or more sensors. In other instances, the one or more
signals are transmitted to the control circuit 1026 from the
feedback system 1038.
[0186] In certain instances, the one or more signals
communicate contextual information derived from re-
ceiveddata concerningasurgical procedure, the surgical
instrument 1022, and/or a patient. The contextual infor-
mation could be derived by a situationally aware surgical
hub 1024. In one exemplification, the contextual informa-
tion can be derived by a control circuit of the surgical hub
1024. In another exemplification, the contextual informa-
tion can be derived by a cloud computing system. In yet
another exemplification, the contextual information can
bederivedbyadistributed computingsystem includingat
least one of the aforementioned cloud computing system
and/or a control circuit of the surgical hub 1024 in com-
bination with a control circuit 1026 of the surgical instru-
ment 1022, for example. For economy, the following
description focuses on contextual information derived
by the control circuit of a surgical hub 1024; however, it
should be understood that deriving the contextual infor-
mation can be accomplished by any of the aforemen-
tioned exemplifications.
[0187] In certain instances, the contextual information
is derived from one or more data sources such as, for
example, databases, patient monitoring devices , and
modular devices. In one exemplification, the databases
can include a patient EMR database associated with the
medical facility at which the surgical procedure is being
performed. The data received from the data sources can
include perioperative data, which includes preoperative
data, intraoperative data, and/or postoperative data as-
sociated with the given surgical procedure. The data
received from the databases can include the type of
surgical procedure being performedor the patient’smed-
ical history (e.g., medical conditions that may or may not
be the subject of the present surgical procedure). In one
exemplification, the control circuit of the surgical hub
1024 can receive the patient or surgical procedure data
by querying the patient EMR database with a unique
identifier associated with the patient. The surgical hub
can receive the unique identifier from, for example, a
scanner for scanning the patient’s wristband encoding
the unique identifier associated with the patient when the
patient enters the operating theater.

[0188] In one exemplification, the patient monitoring
devices include BP monitors, EKG monitors, and other
such devices that are configured to monitor one or more
parameters associated with a patient. The patient mon-
itoring devices can be paired with the surgical hub 2034
such that the surgical hub receivesdata therefrom. In one
exemplification, the data received from the modular de-
vices that are paired with (i.e., communicably coupled to)
the surgical hub 1024 includes, for example, activation
data (i.e., whether the device is powered on or in use),
data of the internal state of themodular device (e.g., force
to fire or force to close for a surgical cutting and stapling
device, pressure differential for an insufflator or smoke
evacuator, or energy level for anRFor ultrasonic surgical
instrument), or patient data (e.g., tissue type, tissue
thickness, tissuemechanical properties, respiration rate,
or airway volume).
[0189] In certain instances, the contextual information
can include, for example, the type of procedure being
performed, the particular step being performed in the
surgical procedure, the patient’s state (e.g., whether
the patient is under anesthesia or whether the patient
is in the operating room), or the type of tissue being
operatedon. In certain instances, the contextual informa-
tion is derived from perioperative data that includes, for
example, data regarding a modular device (e.g., pres-
sure differential, motor current, internal forces, or motor
torque) or data regarding the patient with which the
modular device is being utilized (e.g., tissue properties,
respiration rate, airway volume, or laparoscopic image
data). Additional details are disclosed in U.S. Patent
Application Serial No. 16/209,395, titled METHOD OF
HUB COMMUNICATION, and filed December 4, 2018,
now U.S. Patent Application Publication No.
2019/0201136, which is hereby incorporated by refer-
ence herein in its entirety.
[0190] In certain instances, the contextual information
is derived from imaging data received from one or more
imaging devices. The imaging data can represent indi-
vidual images or a video stream. The medical imaging
device can includes an optical component and an image
sensor that generates imaging data. The optical compo-
nent includes a lens or a light source, for example. The
image sensor includes a charge-coupled device (CCD)
or a complementary metal-oxide-semiconductor
(CMOS), for example. In various exemplifications, the
medical imaging device includes an endoscope, a la-
paroscope, a thoracoscope, and other such imaging
devices. The image or video data from the medical ima-
ging device (or the data stream representing the video for
a digital medical imaging device) can processed by a
pattern recognition system or amachine learning system
to recognize features (e.g., organs or tissue types) in the
field of view (FOV) of the medical imaging device 5108,
for example. The contextual information that can be
derived from the recognized features can include, for
example, what type of surgical procedure (or step there-
of) is being performed, what organ is being operated on,
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or what body cavity is being operated in.
[0191] In various aspects, the control circuit 1026 is
configured to select a priority level of oneormore subsets
of sensors of the sensor array 1036, in accordance with
the algorithm 1010, based on the contextual information.
Further, the control circuit 1026 may switch one or more
subsets of sensors of the sensor array 1036 between the
active mode 1083 and the idler mode 1084, in accor-
dance with the algorithm 1080, based on the contextual
information. In at least one example, the control circuit
1026 may utilize the contextual information derived from
an operating room imaging/video feed to identify steps in
a surgical procedure and, further, prioritize sensor data
collection, transmission, and/or processing based on the
step being performed. For example, the control circuit
1026 may identify a step in an anastomosis surgical
procedure such as, for example, an initial tissue enga-
ging step, based on the contextual information. The
identification of the initial tissue engaging step, then
causes the control circuit 1026 to switch one or more
sensor subsets to the active mode 1083.
[0192] Referring still to FIGS. 13 and 16, the control
circuit 1026canbeconfigured todetermineapriority level
of one or more sensor subsets of the sensor array 1036
basedononeormoresignals indicativeofa surgical state
of the surgical instrument 1022. The signals may include
data relating to an operational parameter of the surgical
instrument 1022. For example, the signals may include
data relating to a function of a motor (e.g. motor 1042).
[0193] Motor data can indicate whether the end effec-
tor 1040 is in anarticulationmotion, a closuremotion, or a
firing motion. A control circuit (e.g. control circuits 1026,
049)may be configured, or programmed, to prioritize one
ormoresensorsof thesurgical instrument1022basedon
the type of motion undertaken by the end effector 1040.
For example, closure and firing typically occur after com-
pletion of the articulation motion, when a user is fully
satisfied with the articulation position of the end effector
1040. Accordingly, the control circuit can be configured,
or programmed, to assign a lower priority to closure
and/or firing sensor data than articulation sensor data
in response to detecting an articulation motion, for ex-
ample. The control circuit may adjust sensor parameters
associated with a subset of sensors relevant to articula-
tion to increase the subset’s sampling rate, for example.
Additionally, the control circuit may also adjust sensor
parameters associated with a subset of sensors relevant
to closure and/or firing to reduce the subset’s sampling
rate during articulation.
[0194] Similar arrangements can be undertaken to
prioritize closure sensor data over firing sensor data
during closure of the end effector 1040 and/or prioritize
firing sensor dataover closure sensor data during firingof
the end effector 1040. As discussed above, this real-time
balancing approach ensures that power resources and
data transmission, and/or data processing resources are
not overtaxed.
[0195] Referring still to FIGS. 14, 15and16, the control

circuit 1026 can be configured to determine 1081 a
priority level of one or more sensor subsets of the sensor
array 1036 based on one or more signals indicative of a
gross movement of the surgical instrument 1022. The
surgical instrument 1022 may include one or more sen-
sors configured to measure a gross movement of the
surgical instrument 1022 such as, for example, an accel-
erometer. Detecting a gross movement of the surgical
instrument 1022 can indicate a condition of the end
effector 1040. For example, the gross movement can
indicate that the end effector 1040 is outside the patient’s
body cavity. Accordingly, the control circuit 1026 can be
configured,orprogrammed, todeprioritizeclosureand/or
firing sensor data in response to a signal indicative of a
gross movement of the surgical instrument 1022. In at
least one example, deprioritizing the closure and/or firing
sensor data comprises switching sensors of the sensor
array 1036 associated with closure and/or firing to the
idler mode 1084. In at least one example, deprioritizing
the closure and/or firing sensor data comprises adjusting
one are more sensor parameter of sensors of the sensor
array 1036 associated with closure and/or firing such as,
for example, sensor parameter that control sensor data
collection, processing, and/or transmission.
[0196] Further to the above, a similar approach can be
taken in response to signals indicative of a loading pro-
cedure, signals comprising initiation data, and/or tool-
docking data, signals indicative of a high end-effector
velocity, and/or any other signals indicating that cartridge
sensing is unnecessary at a particular stage. The control
circuit 1026 can be configured, or programmed, to adjust
oneormore sensorparameter of thesensor array1036 in
response to the detection of one or more of such condi-
tions to minimize sensor power/data overtaxing.
[0197] Determining 1081 a priority level of one ormore
sensor subsets, in accordance with one or more algo-
rithms (e.g. algorithms 1010, 1080), can be achieved in
multiple ways. In one example, the priority level can be a
binary priority level, where the control circuit 1026 is
configured to select between, for example, a high-priority
level or a low-priority level. In certain instances, the high-
priority level is associated with the active mode 1083,
while the low-priority level is associated with the idler
mode 1084. In other examples, the priority level com-
prises a value that can be determined based on one or
more equations, tables, and or databases stored in the
memory circuit 1032, for example. One or more condi-
tionscancontribute to thepriority level inaccordancewith
preset values stored in the form of equations, tables, and
or databases.
[0198] Referring primarily to FIGS. 13 and 16, as dis-
cussed above, the algorithm 1000 includes detecting
1002 a data-transmission bandwidth (B), or maximum
data-transmission rate through the transmission system
1045. The data-transmission bandwidth (B) can be de-
tected 1002 in multiple ways. For example, data can be
transferred through the transmission system 1045 at
rates that are increased gradually, or incrementally, until
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an error is detected, or the signal strength is no longer
able to permit higher rates of transfer. With each transfer
a data receipt confirmation and/or a data integrity con-
firmation can be requested. If confirmation is received,
the transfer rate of the following transfer is increased. If,
however, a confirmation is not received, it can be con-
cluded that the most recent transfer rate is beyond the
bandwidth capability of the transmission system 1045. In
such instances, the transfer rate preceding the most
recent transfer rate can be determined to be the data-
transmission bandwidth (B) of the transmission system,
for example. In certain instances, an initial transfer is
performed using a default transfer rate. Following trans-
fers are then performed using transfer rates that are
increased gradually, or incrementally, in accordancewith
predetermined values until a data-transmission band-
width (B) is detected by a lack of a confirmation, for
example.
[0199] Additionally, or alternatively, the data-transmis-
sion bandwidth (B) can be detected 1002 during an initial
acknowledgment or handshake. Acknowledgement an-
d/or handshake signals can be transferred between the
control circuit 1026 and the local control circuit 1049
through the transmission system 1045 as part of an
activation, initialization, and/or wake-up sequence of
the staple cartridge 1046 and/or the surgical instrument
1022, for example.
[0200] In certain instances, transmission rates asso-
ciated with successful transmissions during one or more
prior uses of a surgical instrument 1022 are stored, and
are then used in detecting 1002 a bandwidth (B) in
subsequent uses of the surgical instrument 1022, or
other similar surgical instruments 1022. In one example,
the successful transmission rates can be stored in the
memory circuit 1032 for sharing during the initial ac-
knowledgment or handshake in future uses. The control
circuit 1026 can be configured, or programmed, to moni-
tor the cartridge reloadsusedwith the surgical instrument
1022which are each trying tomaximize data throughput,
and can subsequently suggest to future cartridge reloads
the maximum transfer rate previous cartridge reloads
were capable of achieving.
[0201] In another example, the successful transmis-
sion rates can be transmitted to a surgical hub (e.g.
surgical hub 1024) and/or a cloud based system for data
aggregation and analysis. The data-transmission band-
width (B) can be detected 1002 based on a signal re-
ceived from the surgical hub or the cloud based system
indicative of the data-transmission bandwidth (B), for
example.
[0202] FIG. 19 is a logic flow diagram of an algorithm
1100 depicting a control program or a logic configuration
for monitoring and addressing signal interference in
power and/or data signals transmission between a staple
cartridge 1046 and a surgical instrument 1022. As de-
scribed elsewhere herein, reloads of the staple cartridge
1046 are releasably coupled to the surgical instrument
1022 by seating in a cartridge channel 1048 of the end

effector 1040. Further, a wireless connection can be
established between the staple cartridge 1046 and the
surgical instrument 1022 when the staple cartridge 1046
is seated in the cartridge channel 1048 to wirelessly
transmit 1102 power and/or data signals. The power
and/or data signals can be transferred through a wiring
harness, extending in the cartridge channel, and then
through wireless power and/or data transfer circuit(s) of
the transmission system 1045. The power and/or data
signals transmission is subject to various internal and
external interferences.
[0203] Various internal and external factorsmay cause
signal interference such as, for example, signal interfer-
ence from environmental factors including tissue and/or
fluid presence in the end effector 1040, signal interfer-
ence fromother surgical tools, or even other components
of the surgical instrument 1022. The wireless power
and/or data transfer circuit(s) can be at least partially
affixed to the metallic cartridge channel 1048. In certain
instances, parasitic losses through the metallic cartridge
channel 1048, antenna misalignment in the wireless
power and/or data transfer circuit(s), and/or secondary
magnetic field generation may also contribute to signal
interference.
[0204] To manage signal interferences, the algorithm
1100 monitors 1104 an interference in a transmission of
electrical power and/or the data signals between the
surgical instrument 1022 and the staple cartridge
1046. The algorithm 1100 further modulates 1106 an
operational parameter of the surgical instrument 1022
basedon the interference. In at least oneexemplification,
modulating 1106 the operational parameter includes ad-
justing a strength of the data signals, a rate of the data
transmission, and/or a rate of the power transmission
based on the detected interference. In certain instances,
modulating 1106 the operational parameter includes ad-
justing one or more sensor parameters associated with
data collection, transmission, and/or processing such as,
for example, sensor sampling rate, sampling drive cur-
rent and/or voltage, collection rate, sensor data resolu-
tion, sensor-data transmission rate, duration of activa-
tion, and/or frequency of activation. In at least one ex-
ample, a sensor or a groupof sensors can be switched to,
an inactive mode, an idler mode, or an active mode to
mitigate the interference.
[0205] Further to the above, monitoring 1104 the inter-
ference can be accomplished by comparing an antici-
pated data transfer and an actual data transfer by the
transmission system 1045 to account for losses due to
interference. If a difference between the anticipated data
transfer and the actual data transfer is greater than, or
equal to, a predetermined threshold, the transmission
system1045adjustsoneormoreoperational parameters
of the surgical instrument 1022 such as, for example, a
strength of the data signal to mitigate the interference. In
various aspects, monitoring 1104 the interference in-
cludes monitoring signal stability, number of lost data
packets, and/or ratio of distinguishable signal to random
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noise. If signal stability, number of lost data packets,
and/or ratio of distinguishable signal to random noise
is greater than, or equal to, a predetermined threshold,
the transmission system 1045 adjusts one or more op-
erational parameters of the surgical instrument 1022, as
previously discussed.
[0206] Furthermore, monitoring 1104 the interference
may comprise determining an interference level based
one or more factors that contribute to the inference level.
The factors may include, for example, ratio of anticipated
data transfer to actual data transfer, signal stability, num-
ber of lost data packets, and/or ratio of distinguishable
signal to random noise. The contributions of the indivi-
dual factors to the interference level can be ascertained
from an interference equation, interference table, and/or
interference database, which can be stored in a memory
circuit (e.g. memory circuits 1032, 1047). The control
circuit 1026, for example, can be configured, or pro-
gramed, to calculate an interference level based on the
individual contributions of the individual factors. The
control circuit 1026 may further compare the determined
interference level to a predetermined threshold. If the
determined interference level is greater than, or equal to,
the predetermined threshold, the processor may modu-
late 1016, as previously discussed, one or more opera-
tional parametersof thesurgical instrument1022until the
monitored interference level decreases to a value below
the predetermined threshold, for example.
[0207] Referring primarily to FIGS. 6‑8 and 17, a staple
cartridge 1046 can be configured to detect which of the
implementations 1051, 1052, 1053 of the transmission
system 1045 is available for wireless signal transmission
between the staple cartridge 1046 and the surgical in-
strument 1022. The staple cartridge 1046 may further
select various protocols and/or algorithms associated
with an available implementation. In one example, a
control circuit 1049 can detect the available implementa-
tion of the transmission system 1045 by detecting the
presence of one or two local antenna arrays. If two
antenna arrays are detected, as embodied by the imple-
mentation 1053 of FIG. 8, the control circuit 1049 may
adjust oneormoreoperational parameters of the surgical
instrument 1022 and/or select one or more algorithms
and/or communication protocols associated with sepa-
rate power and data transfers. Alternatively, if only a
single antenna array is detected, as embodied by the
implementations 1051, 1052 of FIGS. 6, 7, the control
circuit 1049 may adjust one or more operational para-
meters of the surgical instrument 1022 and/or select one
or more algorithms and/or communication protocols as-
sociated with simultaneous/sequential power and data
transfers.
[0208] In various aspects, antenna array detections
are performed during a wakeup or activation sequence,
or a handshaking protocol, implemented, or at least
partially implemented, by the control circuit 1049. In at
least one example, antenna array detections are per-
formed by the control circuit 1049 using predefined test

signals. In certain instances, control circuit 1049 detects
andmonitors short range and/or long range data transfer
activity to determine connection characteristics and/or
instructional hierarchy. In certain instances, the control
circuit 1049 performs selective pairing based on sensor
array capabilities.
[0209] FIG. 20 is a logic flow diagram of an algorithm
1110 depicting a control program or a logic configuration
for optimizing power transmission from a surgical instru-
ment 1022 to a staple cartridge 1046. As discussed
above, a transmission system 1045 can electrically cou-
ple the surgical instrument 1022 and the staple cartridge
1046 wirelessly while the staple cartridge 1046 is seated
in a jaw of the end effector 1040. In at least one exem-
plification, one or more aspects of the algorithm 1110 are
performed by a power management circuit which can be
implemented, at least in part, by the control circuit 1026,
the control circuit 1049, and/or a separate power man-
agement circuit. In the illustrated example, the algorithm
1110 includes wirelessly transmitting 1112 power from
the surgical instrument 1022 to the staple cartridge 1046,
monitoring 1114 an efficiency of a transfer of the power
from the surgical instrument 1022 to the staple cartridge
1046, and adjusting 1116 anoperational parameter of the
surgical instrument 1022 based on the efficiency of the
transfer.
[0210] In various aspects, monitoring 1114 the effi-
ciency of the power transfer includes comparing an an-
ticipated power transfer to an actual power transfer. In
certain instances, monitoring 1114 the efficiency of the
power transfer includes comparing a transfer parameter
such as, for example, a rate of transfer to a predeter-
mined threshold. Further efficiency of the power transfer
can be affected a number of environmental factors in-
cluding parasitic losses, interference, antenna misalign-
ment, and/or secondary magnetic field generation. In
certain instances, monitoring 1114 the efficiency of the
power transfer includes monitoring one or more of such
environmental factors.
[0211] Referring still to FIG. 20, the adjusted 1116
operational parameter of the surgical instrument may
be a transfer parameter of the transmission system
1045. In certain instances, adjusting 1116 theoperational
parameter of the surgical instrument 1022 includes ad-
justing one or more aspects of a waveform of the power
transfer, adjusting a rate of the power transfer, and/or
adjusting a frequency of the power transfer. Additionally,
or alternatively, adjusting 1116 the operational parameter
of the surgical instrument 1022 may include an adaptive
voltage scaling. Additionally, or alternatively, adjusting
1116 theoperational parameter of the surgical instrument
1022 may include a real-time tuning of at least one
component of the transmission system 1045, as de-
scribed in greater detail below.
[0212] One or more transfer parameters associated
with previous power transfers between the surgical in-
strument 1022 and one or more staple cartridges 1046
are stored by, for example, the memory circuit 1032.

5

10

15

20

25

30

35

40

45

50

55



55

105 EP 4 521 595 A2 106

Additionally, or alternatively, transfer parameters asso-
ciatedwithpreviouspower transfers canbeuploaded toa
local server and/or a cloud based system for data ag-
gregation andanalysis, for example. In certain instances,
the power management circuit of the surgical instrument
1022may determine transfer parameters of future power
transfers based, at least in part, on the stored transfer
parameters associated with previous power transfers. In
at least one exemplification, the power management
circuit may determine transfer parameters for a future
power transfer, then compare the determined transfer
parameters to the stored transfer parameters, prior to
implementationof thedetermined transferparameters, to
ensure that the determined transfer parameter is within
acceptable thresholds based on the stored transfer para-
meters.
[0213] In certain instances, adjusting 1116 the opera-
tional parameter of the surgical instrument 1022 includes
adjusting the power drive frequency of the transmission
system 1045 based on current operating conditions.
Since there are restricting regulations around the use
of EM frequencies, which may vary between different
regions, the power management circuit may implement
one ormore algorithms that select an optimal power drive
frequency that also complies with such regulations. Said
another way, in selecting the optimal power drive fre-
quency, the power management circuit may be limited to
regionally-available unlicensed frequency bands.
[0214] Further to the above, selecting the optimal
power drive frequency may also depend on which im-
plementation of the transmission system 1045 is avail-
able. For example, in the implementation 1053 of FIG. 8,
which denotes separate data and power transmission,
power transfer is not limited by data-transfer frequency
standards. In such instances, the optimal power drive
frequency is selected from values different than data-
transfer frequency. However, the implementations 1051,
1052 of FIGS. 6 and 7, which denote simultaneous or
sequential power and data transfer, are limited by data-
transfer frequency standards. Accordingly, the power
management circuit may implement one or more algo-
rithms that select the optimal power drive frequency, at
least in part, based on available implementations of the
transmission system 1045. As discussed above, detect-
ing the available implementation of the transmission
system 1045 can be performed by detecting the pre-
sence of one or two local antenna arrays. Alternatively,
the power management circuit may detect the available
implementation of the transmission system 1045 by var-
ious testing signals.
[0215] In certain instances, adjusting 1116 the opera-
tional parameter of the surgical instrument 1022 includes
circuit tuning for resonance, frequency matching, and/or
impedance matching. FIG. 21 illustrates an example
implementation 1120 of a first antenna circuit 1121 and
asecondantennacircuit 1122of the transmission system
of 1045 for power transfer between the surgical instru-
ment 1022 and the staple cartridge 1046. Other imple-

mentations are contemplated by the present disclosure.
In the illustrated example, the first antenna circuit 1121 is
connected to an input voltage Vin. The input voltage Vin
can be the power source 1043, which can be positioned
proximally from the end effector 1040 in a housing, or
handle, of the surgical instrument 1022, for example. The
second antenna circuit 1122 is connected to a load
resistor RL, which represents the sensor array 1036,
the control circuit 1049, and/or other power consuming
components of the staple cartridge 1046.
[0216] In the illustrated example, the antenna circuits
1121, 1122 cooperate to wirelessly transmit power sup-
plied by the power supply 1043 to the staple cartridge
1046. The first antenna circuit 1021 further includes a
voltage driver resistor Rin, a primary inductor L1, and a
primary coil resistor R1. The second antenna circuit 1122
further includes a secondary inductor L2 anda secondary
coil resistor R2. Power is transferred from a first antenna
implemented by the primary inductor L1, and the primary
coil resistor R1 to a second antenna implemented by the
secondary inductor L2, and the secondary coil resistor
R2. The input voltage Vin drives a current through the
primary coil, which induces a voltage in the secondary
coil, and hence a current across the load resistor RL. As
current flows in the secondary coil, the current induces a
voltage in the primary coil, depending on a coupling
coefficient (k).
[0217] Referring still to FIG. 21, the first antenna circuit
1121 further includes a first resonant capacitor C1 in
parallel with the primary coil. In addition, the second
antenna circuit 1122 includes a second resonant capa-
citor C2 in series with the secondary coil. In various
instances, the powermanagement circuit utilizes the first
resonant capacitorC1and the second resonant capacitor
C2 in tuning for resonance, frequency matching, and/or
impedance matching. Resonance is a way to compen-
sate for a lower coupling coefficient (k) by increasing the
power in the magnetic field around the primary coil. If the
coupling coefficient is unchanged then the resultant
power across the secondary coil is increased. Accord-
ingly, resonance minimizes the reactive power in the
primary coil, and maximizes the power across the load
resistor RL.
[0218] To optimize power transfer through the trans-
mission system 1045, the power management circuit is
configured to perform a real-time electro/mechanical
algorithm driven adjustment and tuning of various com-
ponents of the transmission system 1045 such as, for
example, transmission capacitors, inductors, and resis-
tors to optimize power transfer. In certain instances, the
powermanagement circuit employs various adjustment/-
tuning mechanisms such as, for example, potenti-
ometers, banks of resistors, capacitors, and/or inductors.
Further, the powermanagement circuit may employ vari-
able capacitors and/or variable inductors. In certain in-
stances, optimizing power transfer through the transmis-
sion system 1045 comprises impedance matching. In
certain instances, optimizing power transfer through
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the transmission system 1045 comprises maximizing a
coupling coefficient k.
[0219] FIGS. 22 and 23 illustrate an adjustable series
RLC (resistor, inductor, capacitor) circuit 1130 and an
adjustable parallel RLC circuit 1135, respectively, which
can be employed by the power management circuit in
tuning the primary, or drive, coil of the transmission
system 1045 to optimize wireless power transfer there-
through. The adjustable series RLC circuit 1130 and the
adjustable parallel RLC circuit 1135 include adjustable
components (e.g. resistor R, inductor L, capacitor C) that
can be modulated to tune the primary, or drive, coil to a
frequency equal to, or at least substantially equal to, that
of the secondary, or receiving, coil of the transmission
system 1045. In certain instances, the power manage-
ment circuit is configured to employ the adjustable series
RLC circuit 1130 or the adjustable parallel RLC circuit
1135 to adjust a drive frequency of the primary, or drive,
coil to a resonant, or most efficient, frequency of the
secondary, or receiver, coil, or at leastwithin the resonant
band. The real-time frequency matching of the transmis-
sionsystem1045optimizespower transferbyeliminating
manufacturing variability such as, for example, part, in-
stallation, and/or use variability.
[0220] In various aspects, an adjustable series RLC
circuit 1130 or an adjustable parallel RLCcircuit 1135 can
also be employed to tune the secondary, or receiver, coil
of the transmission system 1045 in a similar manner to
the primary, or drive, coil. Accordingly, the power man-
agement circuit can be configured to achieve frequency
matching by tuning both of the primary, or drive, coil and
the secondary, or receiver, coil to a desirable frequency.
In various aspects, one or more RLC circuits can be
employed by the power management circuit as a band-
pass filter, band-stop filter, low-pass filter, or high-pass
filter.
[0221] FIG. 24 is a graph 1246 illustrating a resonant
state of the adjustable seriesRLCcircuit 1130. Thegraph
1136 depicts frequency on the X-axis and Impedance on
the Y-axis. At resonance, in a series RLC circuit, the
inductor reactance XL and the capacitor reactance Xc
are equal and canceling. So in resonant series RLC
circuit, the opposition to the flow of current is due to
resistance R only. In addition, the inductor voltage VL
and capacitor voltage VC are also opposite and equal in
value, thereby canceling each other out. At resonance,
theseriesRLCcircuit actspurelyas resistivecircuitwhich
maximizes current passing there through.
[0222] Various implementations (e.g. 1051, 1052,
1053) of the transmission system 1045, as illustrated
in FIGS. 6‑8, include a rectifier 11620 that is configured
to rectify the AC signal to a DC output. In certain in-
stances, the rectifier 11620 is a full bridge rectifier. The
need to rectify the AC signal to a DC output may reduce
the efficiency of the power transfer through the transmis-
sion system 1045 and/or detune its resonance. In certain
instances, monitoring 1114 the efficiency of power trans-
fer includes monitoring changes caused by AC to DC

regulation and/or rectification based on power levels and
efficiencies of the conversion. Various controlled aspects
of the transmission system 1045 can be regulated based
on power conversion efficiencies.
[0223] In certain instances, adjusting 1116 the opera-
tional parameter of the surgical instrument 1022 includes
adaptive voltage scaling based on the power draw of the
staple cartridge 1046 and the power reservoir and/or
power transfer capabilities of the power source 1043
(FIG. 16) and/or the charge accumulator 11800 (FIG.
7), for example. The power management circuit may
implement algorithms for conserving power by selec-
tively determining which systems are permitted to draw
power and the voltage levels at which the power can be
drawn.
[0224] In one example, the power management circuit
may implement an algorithm that causes two subsets of
sensors of the sensor array 1036 to draw power at
different voltage levels depending, for example, on a
priority level of the sensor data from the two subsets.
The power management circuit may cause a first sensor
subset to operate in an idler mode or an inactive mode,
and may cause a second sensor subset, different from
the first sensor subset, to operate in an activemode. The
power management circuit may implement the active
mode, idler mode, and/or inactive mode by changing
power-draw permissions of the sensor subsets and/or
by adjusting the voltage levels at which the sensor sub-
sets may draw the power.
[0225] In addition to optimizing power transfer, a power
management circuit of the surgical instrument 1022 may
also implement one, or more, algorithms for power con-
servation and/or optimizing power consumption by the
staple cartridge1046.FIG.25 isa logic flowdiagramofan
algorithm 1140 depicting a control program or a logic
configuration for power conservation or optimizing power
consumption by a staple cartridge 1046, in accordance
with at least one aspect of the present disclosure. The
algorithm 1140 includesmonitoring 1142 a level of power
available for power consumption by the staple cartridge
1046. The algorithm 1140 may further include determin-
ing 1144 a power requirement for signal processing of
raw data such as, for example, sensor data of the sensor
array 1036.
[0226] Further to the above, the algorithm 1140 may
include selecting 1146 between local processing and
remote processing of the rawdata based on the available
power level and/or the power requirement for locally
processing the raw data. In certain instances, the selec-
tion 1146 is between performing a signal processing of
the rawdata locallywithin thestaplecartridge1046,using
for example the control circuit 1049, or remotely outside
the staple cartridge 1046, using, for example, the control
circuit 1026.
[0227] Further to theabove,monitoring1142 thepower
level can be accomplished by measuring the power level
using, for example, a charge meter and comparing the
measured power level to a predetermined threshold.
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Additionally, or alternatively, monitoring 1142 the power
level can be achieved bymonitoring power consumption.
The present power level can then be calculated by sub-
tracting the value of the power consumed from the total
power available for consumption.
[0228] Further to the above, the power requirement for
signal processing of a particular set of raw data can be
determined 1146 from an equation, table, and/or data-
base stored in the memory circuit 1047, for example. In
certain instances, the power requirement can be a func-
tionof thesizeof the rawdatasetand/or thenatureor type
of the signal processing. Various details of local signal
processing are disclosed in U.S. Patent No. 9,993,248,
titled SMART SENSORS WITH LOCAL SIGNAL PRO-
CESSING, and issued June 12, 2018, which is hereby
incorporated by reference herein in its entirety.
[0229] In various instances, in situations of low power
levels, the local processing unit, e.g. control circuit 1147,
may perform selective data processing, instead of a
wholesale transfer of the data processing to a remote
processing unit, e.g. control circuit 1026. The selective
data processing can be based on previously assigned
priorities of different data processing tasks and/or data
types. In one example, to mitigate low power levels, the
control circuit 1147 may elect to maintain a previously
defined sampling rate for collection of sensor data from
the sensor array 1036, while forgoing, or pausing, data
encryption. In another example, to mitigate low power
levels, the control circuit 1147mayelect tomaintain a first
sampling rate by a first subset of sensors of the sensor
array 1036, while adjusting a second sampling rate by a
second subset of sensors of the sensor array 1036.
[0230] In various aspects, the staple cartridge 1046
includes a local charge accumulator (e.g. charge accu-
mulator1075ofFIG.A5) configured to locally storepower
supplied thereto by a remote power source (e.g. power
source1043ofFIG.16), through the transmissionsystem
1045. The local charge accumulator 11800 may be con-
figured to supply power to the control circuit 1049, the
sensor array 1036, and/or other power consuming com-
ponents of the staple cartridge1046. In certain instances,
monitoring 1142 the power level, in accordance with the
algorithm 1140, includes monitoring a charge status, a
discharge rate, and/or a charge rate of the local charge
accumulator. In at least one example, the monitoring
1142 is accomplished by comparing determined values
of the charge status, discharge rate, and/or charge rate to
predetermined charge status, discharge rate, and/or
charge rate thresholds, respectively.
[0231] Further to the above, the power management
circuit may adjust one or more operational parameters of
the staple cartridge 1046 based on one or more of the
comparisons to mitigate power consumption. For exam-
ple, if a determined value of the charge status is less than
or equal to the predetermined charge status threshold, if
adeterminedvalueof thedischarge rate is greater thanor
equal to the predetermined discharge rate threshold,
and/or if a determined value of the charge rate is less

thanor equal to the predetermined charge rate threshold,
the power management circuit may adjust one or more
operational parameters of the staple cartridge 1046. The
adjustments may comprise a series of progressively
increasing adjustments configured to mitigate power
consumption.
[0232] Further to the above, adjusting the operational
parameters of the staple cartridge 1046 may include
adapting, or adjusting, one or more sensor parameters
associated with data collection, transmission, and/or
processing such as, for example, sensor sampling rate,
sampling drive current and/or voltage, collection rate,
sensor data resolution, sensor-data transmission rate,
duration of activation, and/or frequency of activation. In
certain instances, adjusting the operational parameters
of the staple cartridge 1046 can be further based on
situational awareness data derived by a surgical hub
1024 (FIG. 16), for example.
[0233] FIG. 26 is a logic flow diagram of an algorithm
1150 depicting a control program or a logic configuration
for optimizing a wireless transmission of power and/or
data signal across a transmission system 1045, in ac-
cordance with at least one aspect of the present disclo-
sure. In the illustrated example, the algorithm 1150 in-
cludes detecting 1151 a location of the surgical instru-
ment 1022, and selecting 1152 a frequency band based
on the location of the surgical instrument 1022. Further,
the algorithm 1150 may include selecting 1153 a drive
frequency of the primary, or drive, coil of the transmission
system 1045 from the frequency band. In addition, the
algorithm 1150 may include selecting 1154 a receiving
frequency of the secondary, or receiver, coil of the trans-
mission system 1045 from the frequency band.
[0234] In various aspects, one or more aspects of the
algorithm 1150 can be implemented by a control circuit
such as, for example, the control circuit 1026, the control
circuit 1049, or a local processing unit of the transmission
system 1045. In certain instances, detecting 1151 the
location of the surgical instrument 1022 comprises de-
tecting a parameter indicative of the location such as, for
example, longitude and latitude readings. The readings
can be utilized by the control circuit 1049 to identify a
location of the surgical instrument 1022. In other in-
stances, the location of the surgical instrument 1022
can be entered by a user through the feedback system
1038, for example. Further, selecting 1153 the drive
frequency and/or selecting 1154 the receiving frequency
from the frequency band can be based on one or more
operational parameters of the surgical instrument 1022.
[0235] Frequency band selection can depend on local
regulations. In various aspects, amemory circuit 1032, or
memorycircuit 1047,maystorea tableordatabase listing
various locations and corresponding available frequency
bands. A control circuit executing the algorithm 1150 can
be configured to utilize the table or database to select
1152 a suitable frequency band based on available fre-
quency bands at a detected 1151 location, for example.
[0236] Referring to FIGS. 8B, 8C, and 8D various
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components of an adaptive control system 1155 of the
surgical instrument 1022 can be located in a cavity 1156
within a proximal portion of an end effector 10400, which
is similar in many respects to the end effector 1040. The
adaptive control system 1155 is configured to manage
various aspects of wireless power and/or data signal
transfer between the staple cartridge 1046 and the sur-
gical instrument 1022. In the illustrated example, the
adaptive control system 1155 includes a tuning electro-
nics package 1157 for optimizing wireless power and/or
data signal transfer through the transmission system
1045. The tuning electronics package 1157 is positioned
in the cavity 1156 in close proximity to the antenna
array(s) of the transmission system 1045 to enable lo-
cally tunable wireless power and/or data signal transfer
including adjustments of frequency usage, power trans-
fer rate, and/or data transfer rate, for example.
[0237] Further to the above, the adaptive control sys-
tem 1155 may include a dedicated power management
circuit and a dedicated data-signal management circuit
or, alternatively, a common power and data signal man-
agement circuit. Various algorithmsdescribedelsewhere
in the present disclosures can be implemented by the
circuits of the adaptive control system 1155 to optimize
various aspects of wireless power and/or data-signal
transfer between the staple cartridge 1046 and the sur-
gical instrument 1022. The adaptive control system 1155
may include various tuning circuits, or tuning circuit
components, as described in greater detail in connection
with FIGS. 21‑23, such as an adjustable series RLC
circuit 1130 and/or an adjustable parallel RLC circuit
1135, for example. In one exemplification, the adaptive
control system 1155 implements tuning by multiple se-
quential adjustments of transfer parameters associated
with wireless transfer of power then data, or data then
power.
[0238] In one implementation, the adaptive control
system 1155 includes a capacitor, an inductor, a digi-
tal-to-analog converter (DAC), a voltage regulator, an-
d/or a local processing unit such as, for example, an
integrated circuit (IC) chip, which can be configured to
adjust/filter a drive frequency of the antenna array(s) of
transmission system 1045 and/or adjust at least one of a
capacitance and an impedance to optimize wireless
power and/or data-signal transfer between the staple
cartridge 1046 and the surgical instrument 1022. In cer-
tain instances, the adaptive control system 1155 opti-
mizes the wireless power and/or data-signal transfer by
adjusting one or more parameters of the surgical instru-
ment 1022 such as wireless power and/or data-signal
transfer parameters, for example, to minimize signal
reflection.
[0239] To minimize latency and improve speed of dy-
namic balance, the electronics package 1157 of the
adaptive control system 1155 and an antenna array of
the transmission system 1045 (e.g. antenna array
10530", 10535") configured to be tuned by the adaptive
control system1155 are placed in closed proximity to one

another. In certain instances, as illustrated in FIG. 8C, the
electronics package 1157 of the adaptive control system
1155 and the antenna array 10530", 10535" of the trans-
mission system 1045 are spaced apart a predefined
distance (D).
[0240] FIG. 8C depicts an implementation 1053 of the
transmission system 1045 with separate power and data
signal transfer. However, other implementations (e.g.
implementations 1051, 1052 of FIGS. 6 and 7) of the
transmission system 1045 may include similar arrange-
ments where the separation between the electronics
package 1157 of the adaptive control system 1155 and
anantenna array is limited to the predefineddistance (D).
For brevity, the following discussion of the predefined
distance (D) will focus on the example implementation
1053 illustrated in FIG. 8C, which includes the antenna
array 10530", 10535".
[0241] As described above, the electronics package
1157 is stored in a cavity 1156 at a proximal portion of an
end effector 10400 which is similar in many respects to
the end effector 1040. Further, the antenna array 10530",
10535" is mounted on a sidewall of a jaw 10410. In the
illustrated example, the electronics package 1157 re-
sides in the cavity 1156 at a proximal portion of the jaw
10410, but distal to an articulation joint 10500. The pla-
cement of the electronics package 1157 within the cavity
1156 permits the electronics package 1157 to be a pre-
defined distance (D) away from the antenna array
10530", 10535", as illustrated in FIG. 8C.
[0242] In various aspects, the predefined distance (D)
is selected from a range of about 0.1" to about 1.0", a
range of about 0.2" to about 0.8", a range of about 0.3" to
about 0.7", a range of about 0.4" to about 0.6", or a range
of about 0.45" to about 0.55", for example. In at least one
example, the predefined distance (D) is 0.50", 0.51",
0.52", 0.49", or 0.48". Other values for the predefined
distance (D) are also contemplated by the present dis-
closure.
[0243] In various aspects, the cavity 1156 is located
under a distal channel retainer 1158 that provides a
location where the end effector 10400 can be operatively
coupled (mounted) to the articulable joint 10500. In the
illustrated example, the cavity 1156 is located belowapin
1159 configured toattach thedistal channel retainer 1158
to the jaw 10400. In certain instances, a firing bar 10640,
which is operatively coupled to amotor (e.g.motor 1042),
extends over the cavity 1156. The firing bar 10640 is
drivendistally by themotor 1042 topush the tissuecutting
knife 10630 through a staple cartridge 11000", which is
similar in many respects to the staple cartridge 1046,
during a staple firing stroke.
[0244] Further to the above, the pin 1159 may be fixed
to sidewalls of the jaw 10410 to prevent rotation of the
distal channel retainer1158 relative to the jaw10410.The
placement of the pin 1159 leaves a sufficient space
between the pin 1159 and a base 1174 of the jaw
10410 to accommodate the electronics package 1157
within sufficient proximity from the sensor array 10530",
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10535" to minimize latency and/or improve speed of
dynamic balance performed by the adaptive control sys-
tem 1155.
[0245] In the illustrated example, the electronics pack-
age 1157 is connected to the antenna array 10530",
10535" by a flex circuit 1175. In other examples, the
electronics package 1157 is integrated onto the flex
circuit 1175 with no hard circuit board. In such instances,
the flex circuit 1175 may bridge the articulation joint
10500. One or more retention features can be incorpo-
rated into the articulation joint to minimize the interaction
between the flex circuit 1175 and moving components
within the articulation joint 10500. In certain instances,
portions of the flex circuit 1175 can be coupled to biasing
members that ensure that the flex circuit 1175 is retained
away from pinch and/or catch points, for example.
[0246] FIG. 27 is a logic flow diagram of an algorithm
1160 depicting a control program or a logic configuration
for calibrating a sensor array 1036 of a surgical instru-
ment 1022, in accordance with at least one aspect of the
present disclosure. In the illustrated example, the algo-
rithm 1160 includes performing 1161 an initial calibration
of the sensor array 1036, and determining 1162 an initial
adjustment to the measurements based on the initial
calibration. Additionally, the algorithm 1160 may include
performing 1163 an in-use calibration of the sensor array
1036, andmodifying 1164 the initial adjustment based on
the in-use calibration. The modification 1164 of the initial
adjustment may yield a final adjustment, for example.
[0247] In the illustrated example, the algorithm 1160 is
implemented, or at least partially implemented, by the
control circuit 1049. In other examples, various aspects
of the algorithm 1160 can be implemented by other con-
trol circuits such as, for example, the control circuit 1026,
or any other suitable control circuit. Further, in the illu-
strated example, the algorithm 1160 is executed in a
calibration of the sensor array 1036. In other examples,
the algorithm 1160 can be equally executed in a calibra-
tion of other sensors, or sensor arrays, of the surgical
instrument 1022.
[0248] As discussed elsewhere in the present disclo-
sure in greater detail, sensors of the sensor array 1036
are configured to determine a parameter associated with
a function of the surgical instrument 1022. The initial
adjustment and/or final adjustment normalize readings
of the sensors that are utilized to determine the para-
meter. In one form, the parameter is a tissue parameter
such as, for example, a tissue thickness. In another form,
the parameter is an operational parameter of the end
effector 1040 such as, for example, a parameter of a
closure state of the end effector 1040.
[0249] In one form, the algorithm1160 can be limited to
performing 1161 the initial calibration, and determining
1162 the initial adjustment. In another form, the algorithm
1160 can be limited to performing 1163 an in-use calibra-
tion, and determining an adjustment based on the in-use
calibration without the initial calibration.
[0250] Further to the above, the initial calibration may

include a calibration performed at a manufacturing facil-
ity, or a testing facility, outside an operating room and/or
before shipping to an end user. On the other hand, the in-
use calibrationmay include a calibration performedby an
end-user, after unpacking, such as, for example, in an
operating room or hospital. The in-use calibration of a
sensor array 1036 of a staple cartridge 1046 can be
triggered by a wake-up or an initialization signal, for
example, from the surgical instrument 1022, for example.
The wake-up or an initialization signal can be delivered
through the transmission system 1045, for example. In
certain instances, performing 1161 the initial calibration
and/or performing 1163 the in-use calibration can be
triggered by a user input through the feedback system
1038.
[0251] In various aspects, the algorithm 1160 includes
performing 1161 the initial calibration and/or performing
1163 the in-use calibration against a cartridge retainer
disposed against the sensor array 1036. Cartridge retai-
ners are typically used to maintain staples of a staple
cartridge in place during shipping and/or seating of the
staple cartridge in a jaw of the surgical instrument 1022,
for example. In certain instances, the cartridge retainer
can be modified to include calibration features with
known resistive, capacitive, and/or inductive properties.
An initial calibration of the sensor array 1036 can be
performed 1161 by causing one or more sensors of the
sensor array 1036 to take measurements of the calibra-
tion features corresponding to their known resistive, ca-
pacitive, and/or inductive properties. Themeasurements
can then be compared to stored values of the known
resistive, capacitive, and/or inductive properties. An in-
itial adjustment to the sensor array 1162 measurements
can be determined 1162 based on the measurements
and the stored values. The initial calibration may include
a normalizing process using reference values to correct
for capacitive bleed, variation in wiring length, and read
distance across sensors, for example. In addition, the
initial calibrationmay include asequenceof comparisons
against known design variation to identify correction
values.
[0252] Similarly, an in-use calibration of the sensor
array 1036 can be performed 1163 using a cartridge
retainer, in an operating room for example, by causing
one or more sensors of the sensor array 1036 to take
measurements of the calibration features of the cartridge
retainer corresponding to their known resistive, capaci-
tive, and/or inductive properties. The in-use calibration
can be performedautomatically as a part of an activation,
initialization, and/or wake-up sequence. In one example,
the measurements can be compared to stored values of
the known resistive, capacitive, and/or inductive proper-
ties, and a final adjustment to the sensor array 1162
measurements can be determined 1162 based on the
measurements and the stored values. In another exam-
ple, the measurements of the in-use calibration are com-
pared to the measurements of the initial calibration to
detect any changes due to the sterilization, packing,
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transit, shelf-life, and/or un-boxing that may have further
affected the sensor array 1036.
[0253] In certain instances, a conductivemedium such
as, for example, an electric grease is placed between the
staple cartridge and the cartridge retainer to ensure a
proper electrical connection between the measured fea-
tures of the cartridge retainer and corresponding sensors
of the sensor array 1036. The conductive medium elim-
inates, or at least reduces, environmental, or contact,
based variations in measurements taken by the sensors
of the sensor array 1036 of the features of the cartridge
retainer. In other instances, another calibration member
can be employed instead of the cartridge retainer to
perform 1161 the initial calibration and/or perform 1163
the in-use calibration. The measured features can be
disposed onto, or under, a flat, or substantially flat, sur-
face of the calibration member, which can be placed
against the sensors of the sensor array 1036 to perform
a calibration thereof.
[0254] In various aspects, the algorithm 1160 may
include performing 1161 the initial calibration and/or in-
use calibration in a predetermined medium such as air,
saline, or any other suitable with known properties that
can be measured by the sensors of the sensor array
1036. An initial calibration of the sensor array 1036
can be performed 1161 by causing one or more sensors
of the sensor array 1036 to takemeasurements of one or
moreof themedium’sknownpropertieswhile thesensors
are immersed in the medium. The measurements can
then be compared to predetermined values of the known
properties. An initial adjustment to the sensor array 1162
measurements can be determined 1162 based on the
measurements and the predetermined values.
[0255] Similarly, an in-use calibration of the sensor
array 1036 can be performed 1163 by causing one or
more sensors of the sensor array 1036 to take measure-
ments corresponding to one or more of the medium’s
known properties while the sensors are immersed in the
medium. As discussed above, the in-use calibration can
be performed automatically as a part of an activation,
initialization, and/or wake-up sequence. In one example,
the measurements can be compared to stored values of
the known properties, and a final adjustment to the sen-
sor array 1162 measurements can be determined 1162
based on the measurements and the stored values. In
another example, the measurements of the in-use cali-
bration are compared to the measurements of the initial
calibration to detect any changes due to the sterilization,
packing, transit, shelf-life, and/or un-boxing that may
have further affected the sensor array 1036.
[0256] In certain instances, the control circuit 1026
may give instructions to immerse the end effector 1040
in an operating room medium such as, for example,
saline prior to taking sensor measurements in accor-
dance with the in-use calibration. The instructions can
begiven through the feedbacksystem1038, for example.
Thecontrol circuit 1026may request a confirmationof the
immersion. The instructions can be issued during an

activation, initialization, and/or wake-up sequence of
the staple cartridge 1046, after a seating of the staple
cartridge in a jaw of the end effector 1040, for example.
Upon receipt of the confirmation, the in-use calibration
can then be performed as previously described.
[0257] Further to the above, the algorithm 1160 may
store a determined 1162 value of the initial adjustment in
a memory circuit 1047 of the staple cartridge 1046. Dur-
ing a wake-up or an initialization sequence of the staple
cartridge 1046, the stored value of the initial adjustment
can be communicated to the main control circuit 1026 of
the surgical instrument 1022, for example, using the
transmission system 1045, for example. The processor
1030 may employ the initial adjustment in converting
readings of the sensors of the sensor array 1036 to
values of a corresponding tissue parameter, for example.
Alternatively, the processor 1041 may perform the con-
version locally in the staple cartridge 1046. Converted
values can then be communicated to the control circuit
1026 using the transmission system 1045.
[0258] Further to the above, performing 1163 the in-
use calibration may include determining one or more
conversion factors representing variations due to various
influences such as sterilization, shipping time, shelf life,
previous use time, elevation, environmental impacts
such as humidity and/or temperature, physical damage,
sensor degradation, and/or drift, for example. Each of
these influencesmaycontribute to adeviation that canbe
remedied by amodification 1064 to the initial adjustment.
In certain instances, the algorithm 1160 calculates a final
adjustment based on the initial adjustment and one, or
more, additional conversion factors corresponding to
sterilization, shipping time, shelf life, previous use time,
elevation, environmental impacts such as humidity an-
d/or temperature, physical damage, sensor degradation,
and/or drift, for example.
[0259] In certain instances, the conversion factors can
be determined from equations, tables, and/or databases
stored in the memory circuit 1047. Information about
these influences can be provided by a user input through
the feedback system 1038, for example. Additionally, or
alternatively, the information can be ascertained locally
using internal clocks, timers/counters (e.g. timer/counter
2781), various sensors, and/or various forms of signal
processing. Additionally, or alternatively, the information
can be determined based on one or more signals re-
ceived by the surgical instrument 1022 from a local
server, a surgical hub (e.g. surgical hub 1024), and/or
a cloud based system, for example.
[0260] In one example, the shipping time can be de-
termined based on a manufacturing date, which can be
stored in the memory circuit 1047 or entered by a user,
andanactivation date. In another example, elevation can
be determined based on a geographical location of the
surgical instrument 1022. In other examples, environ-
mental parameters such as humidity and/or temperature
parameters can be entered by a user or can be ascer-
tained from environmental sensors on the staple car-

5

10

15

20

25

30

35

40

45

50

55



61

117 EP 4 521 595 A2 118

tridge 1046, outer packaging, and/or the surgical instru-
ment 1022. In other examples, physical damage and/or
sensor degradation can be determined by detecting a
lack of a sensor signal after activation and/or by detecting
a lack of a response signal following a transmission of an
interrogation signal to the sensors of the sensor array
1036.
[0261] In any event, the control circuit 1026may utilize
the information received regarding the one or more in-
fluences to develop individual conversion factors for the
influences based on one or more equations, tables,
and/or databases stored in the memory circuit 1032,
for example. The control circuit 1026may then determine
a final adjustment based on the initial adjustment and
one, or more, conversion factors of the individual influ-
ences.
[0262] FIG. 28 is a logic flow diagram of an algorithm
1165 depicting a control program or a logic configuration
for modulating a control parameter of the surgical instru-
ment 1022, in accordance with at least one aspect of the
present disclosure. In the illustrated example, the algo-
rithm 1165 includes measuring 1166 a physical para-
meter of a staple cartridge 1046 seated in a jaw of the
end effector 1040, for example. The algorithm116 further
includes adjusting 1167 a control parameter of the surgi-
cal instrument 1022 based on the measured physical
parameter of the staple cartridge 1046.
[0263] In the illustrated example, the algorithm 1160 is
implemented, or at least partially implemented, by the
control circuit 1026. In other examples, various aspects
of the algorithm 1160 can be implemented by other con-
trol circuits such as, for example, the control circuit 1049,
or any other suitable control circuit. For brevity the follow-
ing description will focus on executing various aspects of
the algorithm 1160 by the control circuit 1026.
[0264] In various aspects, the physical parameter is a
tissue gap. In certain exemplifications, the tissue gap is a
minimum gap (G) between the anvil 1031 and the staple
cartridge 1046 determined at a closed configuration of
the end effector 1040, as illustrated in FIG. 29. In the
illustrated example, the minimum gap (G) is defined by a
stopmember 1039 configured to interfere with closure of
the end effector 1040. The stop member 1039 protrudes
from the staple cartridge 1046, and is contacted by the
anvil 1031 at the closed configuration. In certain in-
stances, the stopmember 1039 is positioned at proximal
location of the end effector 1040 such as, for example,
behind tissue stops. In other instances, the stopmember
1039canbepositionedatadistal endportionof thestaple
cartridge 1046 or the anvil 1031, for example.
[0265] FIG. 30 is a logic flow diagram of an algorithm
1170 depicting a control program or a logic configuration
similar in many respects to the algorithm 1165. Like the
algorithm 1165, various aspects of the algorithm 1170
can be implemented, or at least partially implemented, by
the control circuit 1026, the control circuit 1049, and/or
any other suitable control circuit. The algorithm 1165
exemplifies a specific execution of the measuring 1166

of the physical parameter of the staple cartridge 1046, in
accordancewith thealgorithm1165,wherein thephysical
parameter is a tissue gap. In the illustrated example, the
algorithm 1170 includes detecting 1171 the closed con-
figuration based on a current drawof themotor 1042, and
determining 1172 the minimum gap between the anvil
1031 and the staple cartridge 1046 at the closed config-
uration. In one example, as described in greater detail
below, the minimum gap (G) is determined based on an
output signal of asensor1035at theclosedconfiguration.
[0266] During closure of the end effector 1040, the
control circuit 1026 is configured to cause the motor
1042 to generate a closure motion that motivates the
longitudinally movable displacement member 1044 to
transition the end effector 1040 to the closed configura-
tion, as illustrated in FIG. 29. The stop member 1039 is
configured to resist the closuremotion of the end effector
1040 at the closed configuration. The resistance can be
detected by an increase in the current draw of the motor
1042 during a closure of the end effector 1040 to a value
greater than, or equal to, a predetermined threshold,
which represents reaching the closed configuration. In
various aspects, the control circuit 1026 is configured to
determine 1173 theminimumgap (G) between the staple
cartridge 1046 and the anvil 1031 when the current draw
of the motor 1042 is greater than, or equal to, the pre-
determined threshold.
[0267] The control circuit 1026 may further adjust one
or more control parameters of the surgical instrument
1022 based on the determined minimum gap (G). In
certain exemplifications, the control parameter can be
a parameter of an algorithm executable to perform a
function of the surgical instrument 1022. In certain ex-
emplifications, the control parameter is a threshold, or a
predetermined algorithm reaction, for example.
[0268] Referring still to FIGS. 29 and 30, the control
circuit 1026 can be configured to monitor the gap be-
tween the staple cartridge 1046 and the anvil 1031 using
one ormore sensors 1035. In the illustrated example, the
sensor 1035 is amagnetic sensor suchas, for example, a
Hall Effect sensor. A corresponding magnet 1069 is
placed on the anvil 1031. The sensor 1035 can be con-
figured to measure the strength of a magnetic field pro-
duced by themagnet 1069. As the gap between the anvil
1031 and the staple cartridge 1046 decreases, the
strength of the magnetic field increases. Accordingly,
the control circuit 1026 can be configured to monitor
the gap between the staple cartridge 1046 and the anvil
1031 by monitoring output signals of the sensor 1035.
[0269] Other sensors for detecting the minimum gap
(G) are contemplated by the present disclosure. In one
example, the sensor 1035 comprises a strain gage, a
photoelectric sensor, a pressure sensor, an inductive
sensor, such as an eddy current sensor, a resistive
sensor, a capacitive sensor, an optical sensor, and/or
any other suitable sensor.
[0270] In various instances, thecontrol circuit 1026can
utilize an algorithm to determine the change in current
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drawn by the motor 1042. For example, a current sensor
candetect thecurrent drawnby themotor 1042during the
closuremotion.Thecurrent sensor cancontinually detect
and/or can intermittently detect the current drawn by
electric motor 1042. In various instances, the algorithm
can compare the most recent current reading to the
immediately preceding current reading, for example. Ad-
ditionally or alternatively, the algorithm can compare a
sample reading within a time period X to a previous
current reading. For example, the algorithmcancompare
the sample reading to a previous sample readingwithin a
previous time period X, such as the immediately preced-
ing time period X, for example. In other instances, the
algorithm can calculate the trending average of current
drawnby themotor 1042. Thealgorithmcancalculate the
average current drawduring a time periodX that includes
the most recent current reading, for example, and can
compare that average current draw to the average cur-
rent draw during an immediately preceding time period
time X, for example.
[0271] In oneexemplification, the control circuit 1026 is
configured to receivea first signal indicative of the current
draw of the motor 1042 during a closure of the end
effector 1040, and receive a second signal indicative of
the gap between the staple cartridge 1046 and the anvil
1031. The first signal can represent an output of a current
sensor configured to monitor a current draw of the motor
1042 during the closure motion, while the second signal
can represent an output of the sensor 1035. Further, the
control circuit 1026 can be configured to measure a
physical parameter of the staple cartridge 1046 by de-
termining the minimum gap (G) between the staple car-
tridge 1046 and the anvil 1031 at a closed configuration
identified by a current draw of the motor 1042 greater
than, or equal to, a predetermined threshold.
[0272] The control circuit 1026 may be configured to
compare the current draw of the motor 1042 to a pre-
determined threshold stored in the memory circuit 1032,
for example. The control circuit 1026 may further be
configured to store a value of the minimum gap (G)
between the staple cartridge 1046 and the anvil 1031
when the current draw of the motor 1042 is greater than,
or equal to, a predetermined threshold. The stored value
can then be employed to modulate one or more control
parameters of the surgical instrument 1022.
[0273] Referringstill toFIG.30, thealgorithm1170may
include verifying a tissue compression parameter of the
tissue grasped by the end effector 1040 based on the
minimumgap (G)andan initial tissue thickness. In certain
instances, the algorithm 1170 may verify that the tissue
compression parameter is as expected. In one example,
the tissue compression parameter is a tissue compres-
sion creep which occurs when tissue grasped by the end
effector 1040 is allowed time for fluid egress.
[0274] The tissue compression creep depends on the
minimum gap (G) and an initial tissue thickness. The
initial tissue thickness can be measured using one or
more suitable sensors or sensor arrangements such as

those described in U.S. Patent No. 9,345,481, titled
STAPLE CARTRIDGE TISSUE THICKNESS SENSOR
SYSTEM,which issued onMay 24, 2016, which is herein
incorporated by reference in its entirety; U.S. Patent
Application Publication No. 2014/0263552, titled STA-
PLECARTRIDGETISSUETHICKNESSSENSORSYS-
TEM, which published on September 18, 2014, nowU.S.
Patent No. 10,032,719, which is herein incorporated by
reference in its entirety; and U.S. Patent Application
Serial No. 15/628,175, titled TECHNIQUES FORADAP-
TIVE CONTROL OF MOTOR VELOCITY OF A SURGI-
CAL STAPLING AND CUTTING INSTRUMENT, filed
June 20, 2017, now U.S. Patent No. 10,881,399, which
is herein incorporated by reference in its entirety. In any
event, the control circuit 1026may be configured to verify
the tissue compression creep by comparing an expected
value of the tissue compression creep, which can be
stored in the memory circuit 1032 for example, with a
value the tissuecompressioncreepdeterminedbasedon
the minimum gap (G) and an initial tissue thickness.
[0275] In various aspects, as illustrated in FIG. 28, the
algorithm 1165may include verifying 1168, or identifying,
the typeof staple cartridge1046seated ina jawof theend
effector 1040 based on a measured 1166 physical para-
meter of the staple cartridge 1046. In one example, the
physical parameter is a tissue gap, or aminimumgap (G)
between the staple cartridge 1046 and the anvil 1031 at
the closed configuration.
[0276] As described above, the control circuit 1026 is
configured to determine a tissue gap, or a minimum gap
(G) between the staple cartridge 1046 and the anvil 1031
at the closed configuration. Different staple cartridge
types may include different stop members configured
to define different tissue gaps, or minimum gaps (G).
Accordingly, the control circuit 1026 may utilize the de-
terminedminimum gap (G) to verify the type of the staple
cartridge 1046. In one example, the control circuit 1026 is
configured to verify 1168, or identify, a type of the staple
cartridge 1046 by using a look-up table or database that
stores staple cartridge types and corresponding mini-
mum gap (G) values, for example.
[0277] In various aspects, the algorithm 1165 includes
modulating one or more control parameters of the surgi-
cal instrument 1022 based on the verified 1168, or iden-
tified, staple cartridge type. In one example, the control
circuit 1026 is configured to select between different
algorithms depending on the identified staple cartridge
type. The different algorithms can be different sensing
algorithms configured to control the sensor array 1036
differently. In another example, the control circuit 1026 is
configured to select between different operating modes
for sensors, or groups of sensors, of the sensor array
1036 depending on the identified staple cartridge type.
The operating mode can include an idler mode, an in-
activemode, and/or an activemode. In one example, the
control circuit 1026 is configured to adjust algorithm
parameter based on the identified staple cartridge type.
The algorithmparameter can be a predetermined thresh-
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old, for example. In one example, the control circuit 1026
is configured to adjust one or more sensor parameters
based on the identified staple cartridge type. Adjustable
sensor parameters may include ones associated with
data collection, transmission, and/or processing such
as, for example, sensor sampling rate, sampling drive
current and/or voltage, collection rate, sensor data re-
solution, sensor-data transmission rate, duration of acti-
vation, and/or frequency of activation.
[0278] FIG. 31 is a logic flow diagram of an algorithm
1180 depicting a control program or a logic configuration
for modulating a sensor parameter of the sensor array
1036, in accordance with at least one aspect of the
present disclosure. In the illustrated example, the algo-
rithm 1180 includes detecting 1181 closure states of the
end effector 1040 based on an operational parameter of
the motor 1042. The algorithm 1180 further includes
selectively modulating 1182 a sensor parameter of sen-
sors of the sensor array 1036 in accordance with the
detected closure states. In the illustrated example, the
algorithm 1180 is implemented, or at least partially im-
plemented, by the control circuit 1026. In other examples,
various aspects of the algorithm 1180 can be implemen-
ted by other control circuits such as, for example, the
control circuit 1049, or any other suitable control circuit.
For brevity the following description will focus on execut-
ing various aspects of the algorithm 1180 by the control
circuit 1026.
[0279] During closure, the control circuit 1026 is con-
figured to cause the motor 1042 to generate a closure
motion that transitions the end effector 1040 from an
open configuration toward a closed configuration to
grasp tissue between the jaws of the end effector
1040. The transition to the closed configuration includes
a plurality of closure states. For example, a first closure
state can be characterized by making a first tissue con-
tactwhich isachievedwhenbothof theanvil 1031and the
staple cartridge 1046 are first simultaneously in contact
with the tissue. In certain instances, the staple cartridge
1046 is first placed in contact with a target tissue. The
anvil 1031 is thenmoved toward the target tissue tograsp
the tissuebetween the staple cartridge1046and theanvil
1031. In such instances, the first closure state is detected
when the anvil 1031 makes first contact with the target
tissue placed against the staple cartridge 1046. In other
instances, the anvil 1031 is first placed in contact with a
target tissue, and the staple cartridge1046 is thenmoved
toward the target tissue. In such instances, the first
closure state is detected when the staple cartridge
1046 makes first contact with the target tissue placed
against the anvil 1031.
[0280] In any event, the initial contact with the tissue
can yield an increase in the current draw of the motor
1042during the closure of theendeffector due toan initial
resistanceof the tissue. In certain instances, the increase
is in the form of an uptick, or a step-up, which can be
detectedby the control circuit 1026as indicativeof reach-
ing the first closure state. In other instances, one or both

of the jaws of the end effector 1040 may include one or
more sensors configured to detect an initial tissue con-
tact. In one example, the initial tissue contact can be
detected when the target tissue closes a tissue contact
detection circuit located on a tissue contacting surface of
one or both of the jaws of the end effector 1040. When
closed, the tissue contact detection circuitmay transmit a
signal indicative of a first tissue contact, for example. The
control circuit 1026 can be configured to detect a second
closure state in response to the signal from the tissue
contact detection circuit.
[0281] Further to the above, the closure motion gen-
erated by the motor 1042 further causes the end effector
1040 to transition from the first closure state to a second
closure state characterized by a fully-clamped condition,
for example. At the second closure state, a closure force
applied to the tissue is equal to, or greater than, a pre-
determined threshold. Accordingly, the control circuit
1026 can be configured to detect the second closure
state by monitoring the closure force. The closure force
can be measured by one or more force sensors respon-
sive to a clamping load applied by the motor 1042. In
various examples, the one or more force sensors may
comprise a force transducer, a torque cell, a load cell, a
strain gauge, a Wheatstone bridge, or any other suitable
force sensor, for example. The control circuit 1026 canbe
configured to detect the second closure state in response
to a sensor signal generated by the one or more force
sensor that indicates a closure force equal to, or greater
than, the predetermined threshold, for example.
[0282] Further to the above, the second closure state
canbe followedbya third closurestatecharacterizedbya
fully-stabilized tissue creep. During the initial clamping of
the target tissue between the anvil 1031 and the staple
cartridge 1046, the longitudinally movable displacement
member 1044 must transmit a sufficient amount of axial
closure force to the anvil 1031 to pivot the anvil 1031 to a
closedpositionand retain it in that position throughout the
staple forming process. The amount of closure force
required to close theanvil and retain it in a closed position
can vary during the stapling process due to "tissue
creep". For example, as the anvil 1031 compresses
the target tissue, fluid within the clamped target tissue
can "creep" or migrate within the tissue and even flow to
adjacent unclamped tissue. Following the fully-clamped
condition, the grasped tissue is allowed time for fluid
egress until the closure force is stabilized. Accordingly,
the control circuit 1026 can be configured to detect the
third closure state based on the closure force.
[0283] Thecontrol circuit 1026maymonitor theclosure
force for a steady state after the second closure state is
detected. In certain instances, the control circuit 1026 is
configured to detect the third closure state in response to
a sensor signal from the one or more force sensors
indicative of reaching a steady state after the second
closurestate is detected, or after reachingavaluegreater
than, or equal to, the predetermined threshold. In certain
instances, the steady state can be characterized by a
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change in the closure force less than, or equal to, a
predetermined threshold over a predetermined time per-
iod (t). In other instances, the steady state can be char-
acterized by a change in the closure force within a pre-
determined range over a predetermined time period (t).
[0284] Further to the above, selectively modulating
1182 a sensor parameter of sensors of the sensor array
1036 may include selectively modulating sensor para-
metersmay include ones associatedwith data collection,
transmission, and/or processing such as, for example,
sensor sampling rate, sampling drive current and/or vol-
tage, collection rate, sensor data resolution, sensor-data
transmission rate, duration of activation, and/or fre-
quency of activation. In certain instances, the control
circuit 1026 can be configured to selectively switch sen-
sors, or subsetsof sensors, of thesensorarray1036 toan
activemode, an idlermode, or an inactivemodebasedon
the closure states to optimize data collection, transmis-
sion, and/or processing, for example. In at least one
example, the control circuit 1026 is configured to incre-
mentally adjust the sampling rate of one ormore sensors,
or groups of sensors, of the sensor array with the detec-
tion of each of the closure states.
[0285] In various aspects, one or more closure states
of the end effector 1040 can be detected based on
situational awareness data. For example, the control
circuit 1026may detect a closure state of the end effector
1040 based on a signal indicative of situational aware-
ness data received from a surgical hub (e.g. surgical hub
1024) and/or a cloud based system for data aggregation
and analysis, for example.
[0286] In various aspects, selectively modulating 1182
a sensor parameter, in accordance with the algorithm
1180, comprises assigning different priorities to different
sensor data. The assigned priorities can dictate various
aspects of the data collection, transmission, and/or pro-
cessing, for example. The control circuit 1026 can be
configured to assign selectively assign priorities to sen-
sor data from different sensors, or groups of sensors,
based on the closure states. In one example, cartridge
identificationdatamaybeassignedahigher priority in the
open configuration, and a lower priority at the first, sec-
ond, and/or third closure states. In another example,
sensor data from tissue contact sensors may be as-
signed a higher priority up to and/or at the first closure
state, and a lower priority at the second and/or third
closure states. In yet another example, tissue interroga-
tion data may be assigned a higher priority at the first,
second, and/or third closure state, and a lower priority
after the third closure state. The higher priority and/or
lower priority can be implemented by a circuit 1026 by
adjusting various aspects of the data collection, trans-
mission, and/or processing, as previously described in
greater detail.
[0287] FIG. 32 is a logic flow diagram of an algorithm
1190 depicting a control program or a logic configuration
for modulating a sensor parameter of the sensor array
1036, in accordance with at least one aspect of the

present disclosure. In the illustrated example, the algo-
rithm 1190 includes detecting 1191 a tissue contact sta-
tus of the staple cartridge 1046. The algorithm 1190
further includes selectively modulating 1182 a sensor
parameter of one or more sensors of the sensor array
1036 in accordance with the detected tissue contact
status. In the illustrated example, the algorithm 1190 is
implemented, or at least partially implemented, by the
control circuit 1026. In other examples, various aspects
of the algorithm 1190 can be implemented by other con-
trol circuits such as, for example, the control circuit 1049,
or any other suitable control circuit. For brevity the follow-
ing description will focus on executing various aspects of
the algorithm 1190 by the control circuit 1026.
[0288] In various aspects, detecting 1191 the tissue
contact status of the staple cartridge1046 is performedat
each of a plurality of closure states. As the closure of the
endeffector 1040 commences, the sizeand/or position of
the tissue in contact with the sensor array 1036 of the
staple cartridge 1046 may change. To optimize sensor
data collection, transmission, and/or processing, the
control circuit 1026 can be configured to adjust one or
more sensor parameters of one or more sensors, or
groups of sensors, of the sensor array 1036 based on
whether tissue contact is detected at the different closure
states.
[0289] In certain exemplifications, as illustrated in FIG.
33, the sensor array 1036 is disposed along a length L of
the staple cartridge 1046. However, the tissue grasped
by the end effector 1040 may cover a region 1193 ex-
tending only along a portion of the length L, for example
extending along a length L1. In such instances, sensor
data from sensors beyond the region 1193 can be as-
signed a lower priority than sensor data from sensors
within the region 1193. A control circuit 1026 can be
configured to determine a priority level of the sensors
of the sensor array 1036 based on their location with
respect to the region 1193, for example. Furthermore, the
control circuit 1026 can be configured to switch sensors
of the sensor array 1036 that arewithin the region 1193 to
an activemode 1083 and/or switch sensors of the sensor
array 1136 that are outside the region 1193 to an idler
mode 1084 (See FIG. 15), for example.
[0290] In various aspects, tissue contact detection can
be accomplished by a tissue contact circuit 2830, as
described in greater detail elsewhere in the present dis-
closure. The tissue contact circuit 2830 is in open circuit
mode with no tissue located against the sensors 2788a,
2788b. The tissue contact circuit 2830 is transitioned to a
closed circuit mode by the tissue 2820. The sensors
2788a, 2788b are powered by voltage source V and a
sensors circuit 2790measures a signal generated by the
sensors 2788a, 2788b. In some aspects, the sensors
2788a, 2788b may include a pair of opposing electrode
plates to make electrical contact with the tissue 2820.
[0291] Any of the sensors 2788a, 2788b disclosed
herein may include, and are not limited to, electrical
contacts placed on an inner surface of a jawwhich, when
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in contact with tissue, close a sensing circuit that is
otherwise open. The contact sensors may also include
sensitive force transducers that detect when the tissue
being clamped first resists compression. Force transdu-
cers may include, and are not limited to, piezoelectric
elements, piezoresistive elements, metal film or semi-
conductor strain gauges, inductive pressure sensors,
capacitive pressure sensors, and resistive sensors.
[0292] Further to the above, a control circuit 1026, for
example, may receive one or more signals from the
sensor circuit 2790 and/or sensors 2788a, 2788b indi-
cative of a tissue contact status of one or more regions
along the length L of the staple cartridge 1046. In re-
sponse, the adjust one ormore sensor parameters of one
or more sensors, or groups of sensors, the control circuit
1026 can be configured to adjust sensor parameters of
one or more sensors of the sensor array 1036 in the one
or more regions based on the tissue contact status.
[0293] Additional details are disclosed in U.S. Patent
No. 10,595,887, titled SYSTEMS FOR ADJUSTING
END EFFECTOR PARAMETERS BASED ON PERIO-
PERATIVE INFORMATION, and issuedMarch 24, 2020,
U.S. Patent No. 9,724,094, titled ADJUNCT WITH IN-
TEGRATED SENSORS TO QUANTIFY TISSUE COM-
PRESSION, and issued August 8, 2017, andU.S. Patent
No. 9,808,246, titledMETHODOFOPERATINGAPOW-
ERED SURGICAL INSTRUMENT, and issued Novem-
ber 7, 2017, the entireties of disclosures of which are
hereby incorporated by reference herein.
[0294] In one general aspect, the present disclosure
provides methods of monitoring multiple sensors over
time to detect moving characteristics of tissue located in
the jaws of the end effector. In one aspect, the end
effector comprises a cartridge. More than one sensor
can be located on a cartridge to sense the motion of the
tissue from one sensor towards an adjacent sensor. In a
stapling cartridge, multiple sensors may be located on
the stapling cartridge to sense movement of tissue by
monitoring a property of the tissue. In one aspect, the
tissue property could be an electrical property of the
tissue such as impedance or capacitance. In another
aspect, monitoring the impedance of the tissue from
one time point to the next can allow the system to detect
themotionof the tissue fromonesensor towards thenext.
[0295] In one aspect, a method of monitoring multiple
sensors over time to detect moving characteristics of the
tissue comprises monitoring multiple sensors over time
to detect tissuemovement relative to at least two sensed
locations. The method provides real-time tissue flow
sensing through monitoring a sensed tissue property
through time.
[0296] Turning now to FIG. 34, which illustrates a dia-
gram of a surgical instrument 2750 comprising an instru-
ment housing 2800 and an end effector 2752 inductively
coupled to the instrument housing 2800 via a set of coils
2818 implementing a wireless power and data commu-
nication system, in accordancewith at least oneaspect of
the present disclosure. The instrument housing 2800

comprises an energy source 2762 and a control circuit
2760 inductively coupled to the end effector 2752. Power
from the energy source 2762 is inductively coupled to the
end effector 2752 from a primary coil 2802 tuned for
power located in the instrument housing 2800 to a sec-
ondary coil 2804 tuned for power located in the end
effector 2752. Data is transmitted between the control
circuit 2760 and the end effector sensor circuits 2790
between a primary coil 2816 tuned for data located in the
instrument housing 2800 and a secondary coil 2814
tuned for data located in the end effector 2752.
[0297] FIG. 34 illustrates one implementation of the
transmission system 1045 for wireless transmission of
power and data. In the implementation illustrated in FIG.
34, power and data are transmitted separately. In other
implementations, as described supra, power and data
are transmitted sequentially or simultaneously. For brev-
ity, the following description focuses on the implementa-
tion of the transmission system 1045 that is configured to
separately transmit power and data.However, it is under-
stood that the other implementations of the transmission
system 1045 can be equally utilized.
[0298] In various aspects, the end effector 2752 com-
prises a cartridge 2768 and an anvil 2766 pivotally
coupled to the cartridge 2768. A plurality of sensors
2788 (see FIG. 40 for a detail view) may be disposed
in the cartridge 2768, the anvil 2766, or both. As de-
scribed supra, the end effector 2752 comprises second-
ary coils 2804, 2814 to receive power from the instrument
housing 2800 and communicate between the end effec-
tor 2752 circuits and the instrument housing 2800 cir-
cuits, respectively. Power from the secondary coil 2804 is
rectifiedbya rectifier circuit 2806andfilter capacitor 2808
and is provided to a plurality of sensors 2788 via an
analogmultiplexer 2810or other analog switching circuit.
Signals from the sensors 2788 are transmitted through
the analog multiplexer 2810, coupled to a near field
communication (NFC) tag 2812, and coupled to the
control circuit 2760 from the secondary coil 2814 located
in the end effector 2752 and the primary coil 2816 located
in the instrument housing 2800. The NFC tag 2812 is
configured to transmit data from the cartridge 2768. The
sensors 2788 may be configured to measure tissue im-
pedance, tissue temperature, tissue capacitance, tissue
inductance, elapsed time, among other tissue para-
meters explained in the following description.
[0299] In other aspects, the cartridge 2768 portion of
theendeffector 2752maycompriseelectrodes to receive
electrosurgical energy to assist or enhance the tissue
sealing process. In such aspects, some or all of the
plurality of sensors 2788may act as electrodes to deliver
the electrosurgical energy through the tissue clamped
between the anvil 2766 and the cartridge 2768. In such
aspects, the plurality of sensors 2788may be configured
to measure tissue parameters such as impedance, ca-
pacitance, among other tissue parameters explained in
the following description.
[0300] In other aspects, the end effector 2752 may
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comprise a clamp arm assembly and an ultrasonic blade
for cuttingandsealing tissue clampedbetween the clamp
arm assembly and the ultrasonic blade instead of the
anvil 2766and cartridge 2768as shown in theexample of
FIG. 34. Is such aspects comprising a clamp arm assem-
bly and ultrasonic blade, the plurality of sensors 2788
may be disposed in the clamp arm assembly and the
electrical return path may be provided through the elec-
trically conductive ultrasonic blade. The plurality of sen-
sors 788 may be configured to measure tissue para-
meters such as impedance, capacitance, among other
tissue parameters explained in the following description.
[0301] In other aspects, the end effector 2752 may
comprise a pair of jaws configured with electrodes to
deliver electrosurgical energy to seal tissue clamped
between the jaws instead of the anvil 2766 and cartridge
2768 as shown in the example of FIG. 34.Oneof the jaws
may be configuredwith a knife slot for cutting through the
tissue after sealing. In such aspects, the plurality of
sensors 2788 may be disposed in either jaw or both.
The plurality of sensors 2788 may be configured to
measure tissue parameters such as impedance, capa-
citance, among other tissue parameters explained in the
following description.
[0302] In other aspects, the end effector 2752 may
comprise a clamp arm assembly and an ultrasonic blade
instead of the anvil 2766 and cartridge 2768 as shown in
the example of FIG. 34. In such aspects, the clamp arm
assembly is configured with electrodes for receiving
electrosurgical energy for sealing tissue locatedbetween
the clamp arm assembly and the ultrasonic blade. The
electrical return path for the electrosurgical energy is
provided through the electrically conductive ultrasonic
blade. In such aspects, the ultrasonic blade is utilized to
cut the sealed tissue clamped between the clamp arm
assembly and the ultrasonic blade. The plurality of sen-
sors 2788 may be configured to measure tissue para-
meters such as impedance, capacitance, among other
tissue parameters explained in the following description.
[0303] In certain instances, as described in greater
detail elsewhere in the present disclosure, wireless
power and/or data transmission between an instrument
housing 2800 and the end effector 2752 encompasses a
wireless power and/or data transmission between the
surgical instrument 2750 and the staple cartridge 2768.
For example, the primary coils 2802, 2816 can be dis-
posed on a cartridge channel of the end effector 2752,
and the secondary coils 2804, 2814 can be disposed on
the staple cartridge 2768 such that the primary coils
2802, 2816 and the secondary coils 2804, 2814 are
aligned for a wireless connection when the staple car-
tridge 2768 is seated in the cartridge channel. In such
instances, the instrument housing 2800may encompass
aproximal housing including theenergy source 2762and
the control circuit 2760, a shaft extendingdistally from the
proximal housing, and the cartridge channel.
[0304] FIG. 35 illustrates a block diagram of the surgi-
cal instrument 2750 shown in FIG. 34 comprising an

instrument housing 2800 and an end effector 2752 in-
ductively coupled to the instrument housing 2800 via a
set of coils 2818 implementing awireless power and data
communication system, in accordance with at least one
aspect of the present disclosure. In one aspect, the
surgical instrument 2750 is configured or programmed
to control the distal translation of a displacementmember
such as the I-beam 2764. The surgical instrument 2750
comprises an end effector 2752 that may comprise an
anvil 2766, an I-beam 2764 (including a sharp cutting
edge), and a removable cartridge 2768. The end effector
2752 comprises sensors 2788 anda sensors circuit 2790
coupled to the sensors 2788. Power is inductively
coupled to the sensor circuit 2790 and to the sensors
2788 through coils 2802, 2804 via near field communica-
tion. Signals (e.g., voltage, current, resistance, impe-
dance, capacitance, inductance, frequency, phase,
etc.) from the sensors 2788 are conditioned by the sen-
sors circuit 2790. The signals or data corresponding to
the signals are communicated between the sensors cir-
cuit 2790 in the end effector 2752 and the control circuit
2760 in the instrument housing 2800 via near field com-
munication inductive coupling between the coils 2814,
2816.
[0305] It will be appreciated that the sensors 2788may
be located in any suitable location in the end effector
2752. In one aspect, the sensors 2788 are arranged in an
array in the cartridge 2768. In another aspect, the sen-
sors 2788 are arranged in an array in the anvil 2766. In
various aspects, the sensors 2788 are arranged in arrays
in the cartridge 2768 and the anvil 2766. The control
circuit 2760 may be configured to monitor the sensors
2788 over time to detect moving characteristics of tissue
located in the jawsof theendeffector 2752. Inoneaspect,
the jawsof the endeffector 2752maybe comprised of the
anvil 2766 and the cartridge 2768, for example.
[0306] The position, movement, displacement, and/or
translation of a linear displacement member, such as the
I-beam 2764, can be measured by an absolute position-
ing system, sensor arrangement, and position sensor
2784. A control circuit 2760 may be configured or pro-
grammed to control the translation of the displacement
member, such as the I-beam 2764. The control circuit
2760, in some examples, may comprise one or more
microcontrollers, microprocessors, or other suitable pro-
cessors for executing instructions that cause the proces-
sor or processors to control the displacement member,
e.g., the I-beam2764. In other aspects, the control circuit
2760 may comprise analog or digital circuits such as, for
example, programmable logic devices (PLD), field pro-
grammable gate arrays (FPGA), discrete logic, or other
hardware circuits, software, and/or firmware, or other
machine executable instructions to perform the functions
explained in the following description.
[0307] In one aspect, the control circuit 2760 may be
configured or programmed to sensemultiple longitudinal
and lateral locations within the end effector 2752 inde-
pendently and to use these different sensed locations
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with a localized predetermined return path to sense
changes in the impedance of tissue grasped between
the anvil 2766 and the cartridge 2768 both laterally and
longitudinally to be able to detect any specific tissuemid-
thickness measure by triangulating at least two intercon-
nected session combinations. For example, the sensors
2788 may comprise an array of impedance sensors dis-
tributed laterally and longitudinally along the length of the
stapler jaws, i.e., the cartridge 2768 and anvil 2766. As
the jawsare closing, thecontrol circuit 2760may track the
local impedance over time during the course of the jaw
closure for each sensor, based on readings from the
timer/counter 2781, or using software timing techniques.
This timehistorycanbeused to infer, if present, regionsof
heterogeneous impedance values - where there are
distinct changes or anomalies that mark a particular
location. These baseline location(s) are noted and
tracked as firing is initiated. Once initiated, the position
histories of these locations is tracked and used for feed-
back control of the firing process. In another example, the
control circuit may be configured or programmed tomod-
ify functions of the surgical instrument 2750 to alter tissue
flow during firing of the I-beam 2764 including changing
the firing speed, pauses (complete stops) in firing, clo-
sure force, among other parameters.
[0308] In other aspects, the control circuit 2760maybe
configured or programmed to predict an amount of tissue
flow occurring in the jaws of the end effector 2752 by
monitoring the sensors 2788. Knowledge of tissue type
from situational awareness and/or other device sensed
measures, e.g., rate of change of closure load during
closure, rate of change of closure load after closure is
complete, etc. can be used by the control circuit 2760 to
predict tissue flow. Accordingly, in one aspect, the control
circuit 2760 is configured or programmed to determine
tissue type or condition by combining tissue flow during
jaw closure with force feedback of the anvil 2766 closure
system.
[0309] In another example, the predictions can be
further refined by using the sensors 2788 to measure
tissue impedance, among other parameters, detect rigid
or foreign objects in the jaws, measure magnitude of
tissue impedance, measure tissue flow during jaw clo-
sure, etc. In another example, the control circuit 2760
may execute a jaw closure algorithm to sense tissue
movements during closure asan indicator of the potential
effectof eachchangeduringfiringof the I-beam2764.For
example, at a first closure rate, the control circuit 2760
estimates themagnitude / direction of tissue flow, adjusts
the closure rate of the jaws, and observes or records the
changes in tissue flow within the jaws. In another exam-
ple, the control circuit 2760 may be configured or pro-
grammed to predict post-fire tissue position by utilizing
closure flow in combination with closure force feedback
prior to firing to provide feedback to surgeon andallowing
an opportunity to reposition the end effector 2752 to
ensure tissue is fully captured in cut the line of the end
effector 2752 (See slots 2822, 2824 in FIG. 40 for an

example of a cut line).
[0310] In other aspects, the control circuit 2760maybe
configured or programmed to receive data for various
configurations of the sensors 2788 to monitor and inter-
rogate tissue. This may include, monitoring tissue impe-
dance, and tracking the impedance of the tissue across a
single electrode or segmented electrode set configured
along the length of the cartridge 2788. The control circuit
2760 may be configured or programmed to monitor
spectrographic impedance by utilizing sweeps of differ-
ent frequencies and monitoring the tissue impedance to
the power and frequency to determine the physiological
composition of the tissue, monitoring capacitance of the
tissue, and determining the tissue characteristics and
gap relationship of the jaws to determine the amount of
tissue present within the jaws. In another aspect, the
control circuit 2760 may be configured or programmed
to measure light transmissivity, refractivity or Doppler
effects to determine tissue characteristics. Local light
refractivity analysis may be employed to determine the
surface conditions of the tissue to monitor irregularities
within the tissue captured between the jaws. The control
circuit 2760maybeconfiguredor programmed tomonitor
local moving particles of tissue using Doppler effect
frequency analysis of the light.
[0311] In one aspect, a timer/counter 2781 provides an
output signal, such as the elapsed time or a digital count,
to the control circuit 2760 to correlate the position of the I-
beam 2764 as determined by the position sensor 2784
with the output of the timer/counter 2781 such that the
control circuit 2760 can determine the position of the I-
beam 2764 at a specific time (t) relative to a starting
position. The timer/counter 2781 may be configured to
measure elapsed time, count external events, or time
external events. In other aspects, the timer/counter 2781
maybeemployed tomeasureelapsed time tomonitor the
sensors 2788 over time to detect moving characteristics
of tissue located in the jaws of the end effector 2752.
[0312] The control circuit 2760 may generate a motor
set point signal 2772. The motor set point signal 2772
may be provided to a motor controller 2758. The motor
controller 2758 may comprise one or more circuits con-
figured to provide a motor drive signal 2774 to the motor
2754 to drive the motor 2754 as described herein. In
some examples, the motor 2754 may be a brushed DC
electric motor. For example, the velocity of the motor
2754 may be proportional to the motor drive signal
2774. In some examples, the motor 2754 may be a
brushless DC electric motor and the motor drive signal
2774 may comprise a PWM signal provided to one or
more stator windings of the motor 2754. Also, in some
examples, themotor controller 2758may beomitted, and
the control circuit 2760 may generate the motor drive
signal 2774 directly.
[0313] The motor 2754 may receive power from an
energy source 2762. The energy source 2762 may be
or include a battery, a super capacitor, or any other
suitable energy source. The motor 2754 may be me-
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chanically coupled to the I-beam 2764 via a transmission
2756. The transmission 2756 may include one or more
gears or other linkage components to couple the motor
2754 to the I-beam 2764. A position sensor 2784 may
sense a position of the I-beam 2764. The position sensor
2784may be or include any type of sensor that is capable
of generatingpositiondata that indicateapositionof the I-
beam 2764. In some examples, the position sensor 2784
may include an encoder configured to provide a series of
pulses to the control circuit 2760 as the I-beam 2764
translates distally andproximally. Thecontrol circuit 2760
may track the pulses to determine the position of the I-
beam 2764. Other suitable position sensors may be
used, including, for example, a proximity sensor. Other
types of position sensors may provide other signals in-
dicating motion of the I-beam 2764. Also, in some ex-
amples, the position sensor 2784may beomitted.Where
themotor 2754 is a steppermotor, the control circuit 2760
may track the position of the I-beam2764 by aggregating
thenumberanddirectionof steps that themotor 2754has
been instructed to execute. The position sensor 2784
may be located in the end effector 2752 or at any other
portion of the instrument.
[0314] The control circuit 2760 may be in communica-
tion with one or more sensors 2788 located in the end
effector 2752. The sensors 2788maybepositioned in the
end effector 2752 and adapted to operate with the surgi-
cal instrument 2750 to measure various derived para-
meters such as gap distance versus time, tissue com-
pression versus time, anvil strain versus time, tissue
movement versus time, tissue impedance, tissue capa-
citance, spectroscopic impedance, light transmissivity,
refractivity or Doppler effects, among other parameters.
The sensors 2788 may comprise a magnetic sensor, a
magnetic field sensor, a strain gauge, a pressure sensor,
a force sensor, an inductive sensor such as an eddy
current sensor, a resistive sensor, a capacitive sensor,
an optical sensor, and/or any other suitable sensor for
measuring one or more parameters of the end effector
2752. The sensors 2788 may include one or more sen-
sors.
[0315] The one or more sensors 2788may comprise a
strain gauge, such as amicro-strain gauge, configured to
measure the magnitude of the strain in the anvil 2766
duringaclampedcondition.Thestraingaugeprovidesan
electrical signal whose amplitude varies with the magni-
tude of the strain. The sensors 2788 may comprise a
pressure sensor configured to detect a pressure gener-
ated by the presence of compressed tissue between the
anvil 2766and the cartridge2768.Thesensors2788may
be configured to detect impedance of a tissue section
located between the anvil 2766 and the cartridge 2768
that is indicative of the thickness and/or fullness of tissue
located therebetween.
[0316] The sensors 2788may be is configured tomea-
sure forces exerted on the anvil 2766 by a closure drive
system. For example, one or more sensors 2788 can be
at an interaction point between a closure tube and the

anvil 2766 to detect the closure forces applied by a
closure tube to the anvil 2766. The forces exerted on
the anvil 2766 can be representative of the tissue com-
pression experienced by the tissue section captured
between the anvil 2766 and the cartridge 2768. The
one or more sensors 2788 can be positioned at various
interactionpointsalong theclosuredrive system todetect
the closure forces applied to the anvil 2766 by the closure
drive system. The one or more sensors 2788 may be
sampled in real time during a clamping operation by a
processor of the control circuit 2760. The control circuit
2760 receives real-time sample measurements to pro-
vide and analyze time-based information and assess, in
real time, closure forces applied to the anvil 2766.
[0317] A current sensor 2786 can be employed to
measure the current drawn by the motor 2754. The force
required to advance the I-beam 2764 corresponds to the
current drawn by the motor 2754. The force is converted
to a digital signal and provided to the control circuit 2760.
[0318] The drive system of the surgical instrument
2750 is configured to drive the displacement member,
cutting member, or I-beam 2764, by a brushed DCmotor
with gearbox and mechanical links to an articulation
and/or knife system. Another example is the electric
motor 2754 that operates the displacement member
and the articulation driver, for example, of an inter-
changeable shaft assembly. An outside influence is an
unmeasured, unpredictable influence of things like tis-
sue, surrounding bodies and friction on the physical
system. Such outside influence can be referred to as
drag which acts in opposition to the electric motor 2754.
The outside influence, such as drag, may cause the
operationof thephysical system todeviate fromadesired
operation of the physical system.
[0319] Various example aspects are directed to a sur-
gical instrument 2750 comprising an end effector 2752
with motor-driven surgical stapling and cutting imple-
ments. For example, a motor 2754 may drive a displace-
mentmember distally and proximally along a longitudinal
axis of the end effector 2752. The end effector 2752 may
comprise a pivotable anvil 2766and,when configured for
use, a cartridge 2768 positioned opposite the anvil 2766.
A clinician may grasp tissue between the anvil 2766 and
the cartridge 2768, as described herein. When ready to
use the instrument 2750, the clinicianmayprovidea firing
signal, for example by depressing a trigger of the instru-
ment 2750. In response to the firing signal, the motor
2754 may drive the displacement member distally along
the longitudinal axis of the end effector 2752 from a
proximal stroke begin position to a stroke end position
distal of the stroke begin position. As the displacement
member translates distally, an I-beam2764with a cutting
element positioned at a distal end, may cut the tissue
between the cartridge 2768 and the anvil 2766.
[0320] In various examples, the control circuit 2760
may be configured or programmed to control the distal
translation of the displacement member, such as the I-
beam 2764, for example, based on one or more tissue
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conditions. The control circuit 2760may be configured or
programmed to sense tissue conditions, such as thick-
ness, flow, impedance, capacitance, light transmissivity,
either directly or indirectly, as described herein. The
control circuit 2760 may be configured or programmed
to select a firing control program based on tissue condi-
tions. A firing control program may describe the distal
motion of the displacement member. Different firing con-
trol programs may be selected to better treat different
tissue conditions. For example, when thicker tissue is
present, the control circuit 2760 may be configured or
programmed to translate the displacement member at a
lower velocity and/or with lower power. When thinner
tissue is present, the control circuit 2760 may be config-
ured or programmed to translate the displacementmem-
ber at a higher velocity and/or with higher power.
[0321] FIG. 36 illustrates a perspective view of an end
effector 2752 of the surgical instrument 2750 shown in
FIGS. 34 and 35, in accordance with at least one aspect
of the present disclosure. The end effector 2752 com-
prisesananvil 2766andacartridge2768 formingapair of
jaws to grasp tissue 2820 therebetween as shown in FIG.
37. The plurality of sensors 2788may be disposed in the
anvil 2766, the cartridge 2768, or both.
[0322] FIG. 37 depicts an example of an end effector
2752 with tissue 2820 compressed in the jaws formed by
the anvil 2766 and cartridge 2768, in accordance with at
least oneaspect of thepresent disclosure. Theanvil 2766
defines a first longitudinal slot 2822 configured to slidably
receive an I-beam portion for closing the anvil 2766 in
order to grasp tissue 2820. The cartridge 2768 defines a
second longitudinal slot 2824 configured to receive a
cutting element for severing the tissue 2820 grasped
between the anvil 2766 and the cartridge 2768. The
longitudinal slots 2822, 2824 define a cut the line of
the end effector 2752. (See slots 2822, 2824 in FIG. 40.)
[0323] With reference now toFIGS. 36‑37, the sensors
2788 may be positioned in the anvil 2766 and the car-
tridge 2768 on opposite sides of the tissue 2820 grasped
therebetween. As described supra, the plurality of sen-
sors 2788may be configured tomeasure various derived
parameters such as gap distance versus time, tissue
compression versus time, anvil strain versus time, tissue
movement versus time, tissue impedance, tissue capa-
citance, spectroscopic impedance, light transmissivity,
refractivity or Doppler effects, among other parameters.
[0324] FIGS. 38A and 38B are schematic illustrations
of a tissue contact circuit 2830, in accordance with at
least one aspect of the present disclosure. The tissue
contact circuit 2830 in FIG. 38A is shown in open circuit
mode with no tissue located between sensors 2788a,
2788b prior to clamping between the anvil 2766 and
cartridge 2768 (described in FIGS. 34‑37), respectively.
The tissue contact circuit 2830 shown in FIG. 38B is
shown in closed circuit mode showing the completion
of the circuit upon the sensors 2788a, 2788b in contact
with tissue 2820 after clamping between the anvil 2766
and cartridge 2768. The sensors 2788a, 2788b are pow-

ered by voltage source V and the sensors circuit 2790
measures a signal generated by the sensors 2788a,
2788b. and come in contact with the tissue 2829 in the
jaws. In some aspects, the sensors 2788a, 2788b may
include a pair of opposing electrode plates to make
electrical contact with the tissue 2820.
[0325] Any of the sensors 2788a, 2788b disclosed
herein may include, and are not limited to, electrical
contacts placed on an inner surface of a jawwhich, when
in contact with tissue, close a sensing circuit that is
otherwise open. The contact sensors may also include
sensitive force transducers that detect when the tissue
being clamped first resists compression. Force transdu-
cers may include, and are not limited to, piezoelectric
elements, piezoresistive elements, metal film or semi-
conductor strain gauges, inductive pressure sensors,
capacitive pressure sensors, and resistive sensors.
[0326] In an aspect, any one of the aforementioned
surgical instrumentsmay include one ormore piezoelec-
tric elements to detect a change in pressure occurring on
the jaw members. Piezoelectric elements are bi-direc-
tional transducers which convert stress into an electrical
potential. Elements may consist of metallized quartz or
ceramics. In operation, when stress is applied to the
crystals there is a change in the charge distribution of
the material resulting in a generation of voltage across
the material. Piezoelectric elements may be used to
indicate when any one or both of the jaw members
(e.g., anvil 2766, cartridge 2768) makes contact with
the tissue 2820 and the amount of pressure exerted on
the tissue 2820 after contact is established.
[0327] In an aspect, the sensors 2788a, 2788b may
comprise one or more metallic strain gauges placed
within or upon a portion of the body thereof. Metallic
strain gauges operate on the principle that the resistance
of the material depends upon length, width and thick-
ness.Accordingly,when thematerial of themetallic strain
gauge undergoes strain the resistance of the material
changes. Thus, a resistor made of this material incorpo-
rated into a circuit will convert strain to a change in an
electrical signal. Desirably, the strain gauge may be
placed on the surgical instruments such that pressure
applied to the tissue effects the strain gauge.
[0328] Alternatively, in another aspect, the sensors
2788a, 2788bmay comprise one ormore semiconductor
strain gauges may be used in a similar manner as the
metallic strain gauge described above, although the
mode of transduction differs. In operation, when a crystal
lattice structure of the semiconductor strain gauge is
deformed, as a result of an applied stress, the resistance
of the material changes. This phenomenon is referred to
as the piezoresistive effect.
[0329] In yet another aspect, the sensors 2788a,
2788b may comprise one or more inductive pressure
sensors to transduce pressure or force into motion of
inductive elements relative to each other. This motion of
the inductive elements relative to one another alters the
overall inductance or inductive coupling. Capacitive
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pressure transducers similarly transduce pressure or
force into motion of capacitive elements relative to each
other altering the overall capacitance.
[0330] In still another aspect, the sensors 2788a,
2788b may comprise one or more capacitive pressure
transducers to transduce pressure or force intomotion of
capacitive elements relative to each other altering an
overall capacitance.
[0331] In one aspect, the sensors 2788a, 2788b may
comprise one or more mechanical pressure transducers
to transduce pressure or force into motion. In use, a
motion of a mechanical element is used to deflect a
pointer or dial on a gauge. This movement of the pointer
or dial may be representative of the pressure or force
applied to the tissue 2820. By way of example, mechan-
ical elements may be coupled with other measuring
and/or sensing elements, such as a potentiometer pres-
sure transducer. In this example themechanical element
is coupled with a wiper on the variable resistor. In use,
pressure or force may be transduced into mechanical
motion which deflects the wiper on the potentiometer
thus changing the resistance to reflect the applied pres-
sure or force.
[0332] In another aspect, the tissue 2820 impedance Z
maybemeasuredby the sensors circuit 2790byapplying
a voltage difference Vacross the sensors 2788a, 2788b,
conductinganelectrical current I through the tissue2820,
andmeasuring the voltage and current (V, I) to determine
the impedanceZ. In another aspect, the capacitanceCof
the tissue 2820 between the sensors 2788a, 2788b may
be measured by the sensors circuit 2790 based on the
tissue impedance Z according to the following formula C
= 1/2πfZ, where f is the frequency of the alternating
voltage and current andC is the capacitance of the tissue
2820.
[0333] In one aspect, the sensors circuit 2790 may
generally be an integrated circuit that measures the
capacitance of the conductive plates of the sensors
2788a, 2788b. In some aspects, the sensors circuit
2790 may measure a supply voltage V and current I,
measure an external voltage, and / or measure a tem-
perature. The tissue capacitance sensors circuit 2790
systemappliesanelectric field signal to the tissue2820 to
determinea capacitance signal. The sensors circuit 2790
generates one or more electric signals to generate an
electric field signal in the tissue 2820 to drive a capaci-
tance node defined by the conductive plate of sensor
2788a to emit an electric field in the tissue 2820. In some
examples, the capacitance node includes a single plate
capacitor which uses the tissue 2820 as a dielectric. In
many examples, the electric field signal may be a modu-
lated electric signal.
[0334] In one aspect, the sensors circuit 2790 can
apply an electric field proximate to the tissue 2820, which
can include application of an electric field signal without
contact of any capacitor plate portion of capacitance
node to the tissue 2820. In other examples, any asso-
ciated capacitor plate portion of capacitance node is

positioned to contact tissue 2820. A contact example is
shown in FIG. 38B. An electric field signal may comprise
amodulated signal produced by the sensors circuit 2790
and apply by the voltage supply V.
[0335] The sensors circuit 2790 can detect changes in
the electric field signal applied to the tissue 2820 to
identify a capacitance signal. These changes in electric
field signal canbemeasuredanddetectedby thesensors
circuit 2790. The change in capacitance can be moni-
tored as an electric field signal is applied to the tissue
2820and the capacitance signal can reflect the change in
capacitance. In various aspects, the electric field signal
may comprise a modulated signal, such as a sine wave
signal. Modulation circuitry used to produce electric field
signal can include a capacitor portion of the conductive
plate of the sensors 2788a forming a capacitance node.
Changes in a capacitance value of a capacitor used to
apply electric field signal to the tissue 2820 can be
detected by the sensors circuit 2790 as a change in
modulation frequency or a change in power draw of
the capacitor or associated modulation circuitry, among
other detection methods. These changes in electric field
signal also can be measured by monitoring changes in a
noise level, current draw, or other characteristics of elec-
tric field signal as detected by the sensors circuit 2790.
The sensors circuit 2790 may comprise capacitance-to-
digital converter circuitry. The capacitance signal can be
monitored concurrent with other physiological parameter
monitoring, as explained in the following description.
[0336] FIG. 39 is a schematic illustration of a surgical
instrument 2750 described in connection with FIGS. 34
and 35 comprising sensor monitoring and processing
circuit 2400, in accordance with at least one aspect of
the present disclosure. The sensor monitoring and pro-
cessing circuit 2400 is contained within the instrument
housing 2800 and is wirelessly coupled to the end effec-
tor 2752 through near field communication coils 2802 /
2804 for power and coils 2814 / 2816 for data.
[0337] In one aspect, the sensor monitoring and pro-
cessingcircuit 2400comprises tissue impedancemodule
2442. In one aspect, the tissue impedance module 2442
may be configured to measure tissue impedance Z and
capacitance. The tissue impedance module 2442 also
may be employed to monitor other tissue parameters. In
one aspect, the tissue impedance module 2442 may
comprise an RF oscillator 2446, a voltage sensing circuit
2448, andacurrent sensing circuit 2450. Thevoltageand
current sensing circuits 2448, 2450 respond to the RF
voltage Vrf applied to electrodes or sensors 2788 dis-
posed in the end effector 2752 and the RF current irf
conducted through the electrodes of the sensors 2788,
the tissue, and other conductive portions of the end
effector 2752. The sensed current Irf and the sensed
voltage Vrf from the current sense circuit 2430 and the
voltagesensecircuit 2432areconverted todigital formby
the analog-to-digital converter 2436 (ADC) via an analog
multiplexer 2434. The control circuit 2760 receives the
digitized output 2438 of the ADC2436 and processes the
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signals in conjunctions with sensor data coupled through
coils 2814 / 2816 to determine various tissue parameters
including to measure tissue impedance, tissue tempera-
ture, tissue capacitance, tissue inductance, elapsed
time, among other tissue parameters explained in the
following description. In one aspect, tissue impedance Z
and / or tissue capacitance may be calculated by the
control circuit 2760 by calculating the ratio of the RF
voltageVrf to current Irfmeasured by the voltage sensing
circuit 2448 and the current sense circuit 2450 or by
processing the data received from the sensors circuit
2790 independently.
[0338] In one form, the control circuit 2760 may be
configured to generate a digital current signal 2420
and a digital frequency signal 2422. These signals
2420, 2422 are applied to a direct digital synthesizer
(DDS) circuit 2424 to adjust the amplitude and the fre-
quency (f) of the current output signal 2404 to the sensors
2788 disposed in the end effector 2752. The output of the
DDS circuit 2424 is applied to an amplifier 2426 whose
output may be applied to a transformer 2428. The output
of the transformer 2428 is inductively coupled to a power
module 2805 in the end effector 2752 through the coils
2802 / 2804. The power module 2805 may include rec-
tifiers, filters, and other elements to apply power to the
sensors 2788 and the sensors circuit 2790.
[0339] In one form, the RF voltage Vrf applied to the
end effector 2752 electrodes and the RF current Irf con-
ducted through the tissue clamped by the end effector
2752 are suitable for vessel sealing and / or dissecting.
Thus, the RF power output of the sensor monitoring and
processing circuit 2400 can be selected for therapeutic
functions such as sealing and dissecting and non-ther-
apeutic functions such as measuring tissue impedance,
capacitance, and other tissue parameters. It will be ap-
preciated, that in the context of the present disclosure,
ultrasonic and RF electrosurgical energies can be sup-
plied to the end effector 2752 either individually or simul-
taneously for therapeutic or non-therapeutic functions.
[0340] In one aspect, inputs 2412 to the sensor mon-
itoring and processing circuit 2400 may comprise any
suitable input signals 2414 that can be applied to the
control circuit 2760 to control the operation of the sensor
monitoring and processing circuit 2400. In various forms,
the inputs 2412may be preprogrammed, uploaded, and /
or entered via a user interface such as buttons, switches,
thumbwheels, keyboard, keypad, touch screen monitor,
pointing device, remote connection to a general purpose
or dedicated computer. In other forms, the inputs 2412
may comprise a suitable user interface. Accordingly, by
wayof example, the inputs 2412maybe set or entered by
a user to program the current (I), voltage (V), frequency
(f), and/or period (T) for programming the function output
of thesensormonitoringandprocessingcircuit 2400.The
control circuit 2760maydisplay the selected inputs 2412.
[0341] In one form, the various executable modules
(e.g., algorithms 2410) comprising computer readable
instructions can be executed by the control circuit 2760

portion of the sensor monitoring and processing circuit
2400. In various forms, the operations described with
respect to the techniquesmay be implemented as one or
moresoftwarecomponents, e.g., programs, subroutines,
logic; one or more hardware components, e.g., proces-
sors, DSPs, PLDs, ASICs, circuits, registers; and/or
combinations of software and hardware. In one form,
the executable instructions to perform the techniques
may be stored in memory. When executed, the instruc-
tions cause the control circuit 2760 to determine tissue
parametersasdescribedherein. Inaccordancewith such
executable instructions, the control circuit 2760monitors
and evaluates voltage, current, and / or frequency signal
samples available from the sensor monitoring and pro-
cessing circuit 2400 and according to the evaluation of
such signal samples determines tissue parameters. As
further explained in the following description, a change in
tissueparameters, state, or conditionmaybedetermined
based on processing such signals.
[0342] FIG. 40 is a schematic illustration of a portion of
the end effector 2752 comprising the anvil 2766 and
cartridge 2768 to show arrays of sensors 2788a,
2788b disposed therein, in accordance with at least
one aspect of the present disclosure. A first array of
sensors 2788a may be disposed in the anvil 2766 long-
itudinally, along the I-beam slot 2822, and laterally, on
either side of the I-beam slot 2822. A second array of
sensors 2788b may be disposed in the cartridge 2768
longitudinally, along the knife slot 2824, and laterally, on
either side of the knife slot 2824. In various other aspects,
the sensors 2788 may be located in the anvil 2766, or in
the cartridge 2768, or both the anvil 2766 and the car-
tridge2768.Further, in someaspects thearrayof sensors
2788a disposed in the anvil 2766 may be arranged long-
itudinally, laterally, or both longitudinally and laterally as
shown in FIG. 40. In other aspects the array of sensors
2788b disposed in the anvil 2766 may be arranged long-
itudinally, laterally, or both longitudinally and laterally as
shown in FIG. 40. The sensors 2788 may be arranged in
arrays comprising a single row or multiple rows or single
sensors. Still further, the sensors 2788 in either array of
sensors 2788a, 2788b may be individually addressed,
powered, and read by the control circuit 2760. In other
aspects, thearray of sensors 2788a in theanvil 2766may
be addressed, powered, and read by the control circuit
2760 as a group separately from the array of sensors
2788b in the cartridge 2768. In other aspects, the array of
sensors 2788b in the cartridge 2768 may be addressed,
powered, and read by the control circuit 2760 as a group
separately from the array of sensors 2788a in the anvil
2766. In other aspects, the array of sensors 2788a in the
anvil 2766and the array of sensors 2788b in the cartridge
2768 may be addressed, powered, and read by the
control circuit 2760 as a group.
[0343] FIG. 41 is a partial cutaway view of the cartridge
2768 comprising a plurality of independently addressa-
ble sensors 2788 (S1 - Sn), in accordance with at least
one aspect of the present disclosure. To address and
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read each one of the plurality of sensors 2788, individu-
ally labeled S1 - Sn, the sensors circuit 2790 comprises a
multiplexer 2840 and a logic circuit 2842 to control the
selection and reading of the individual sensors 2788. The
outputs of the sensor 2788 are routed to the inputs 2844
of the multiplexer 2840. Individual sensors S1‑Sn can be
selected by the logic circuit 2842 by individually addres-
sing a sensor through the multiplexer input select 2846
lines. The output 2848 of a selected sensor S1‑Sn is
provided to the logic circuit 2842 and coupled to the
control circuit 2760 through coils 2814, 2816, for exam-
ple, for further processing to track properties of the tissue
andexecutealgorithms for tracking tomotionof the tissue
across multiple sensors S1‑Sn. As shown in FIG. 41, in
one aspect, the sensors S1‑Sn are coupled to a common
returnpath.Asimilar configurationmaybeprovided in the
anvil 2766 portion of the end effector 2752 (FIG. 40).
[0344] The positions of the sensors S1‑Sn aremapped
to the cartridge 2768 such that the control circuit 2760
knows the location of each sensor S1‑Sn on the cartridge
2768. Bymonitoring the output of each sensor S1‑Sn, the
control circuit 2760 can determine if tissue is occupying
the location of a sensor S1‑Sn based on the output of the
monitored sensor S1‑Sn. For example, if the monitored
property of the tissue 2820 is impedance Z, the control
circuit 2760 can map the location of the tissue 2820
based on impedance outputs read from each sensor
S1-Sn, to infer the presence of tissue 2820 based on
an impedance reading and infer the absence of tissue
based on no impedance reading (e.g., open circuit).
[0345] The description now turns to various methods
2900, 2910, 2930, 2950 as illustrated in the accompany-
ing FIGS. 42‑45. Each of themethods 2900, 2910, 2930,
2950 may be implemented as algorithms 2410 stored in
program memory of the sensor monitoring and proces-
sing circuit 2400 that may be executed by the control
2760 as explained in connection with FIG. 39. In one
aspect, the algorithms 2410 (e.g., methods 2900, 2910,
2930, 2950) may be stored as a series of machine ex-
ecutable instructions that the control circuit 2760 is pro-
grammed to execute. In other aspects, the algorithms
2410 (e.g., methods 2900, 2910, 2930, 2950) may be
executed by the control circuit 2760 implemented in in
hardware where the control circuit 2760 is configured to
execute the algorithms 2410.
[0346] With reference now to FIGS. 34‑42, in one
general aspect, FIG. 42 illustrates a flow diagram of a
method 2900 of monitoring multiple sensors 2788 lo-
cated is the jaws of end effector 2752 over time to detect
characteristics of tissue 2820 grasped in the jaws of the
end effector 2752, in accordancewith at least one aspect
of the present disclosure. In one aspect one aspect, the
surgical instrument 2750 comprises an end effector 2752
comprising a pair of jaws for grasping tissue 2820 there-
between. In one aspect the end effector 2752 comprises
an anvil 2766 and cartridge 2768. A plurality of sensors
2788 may be located on the cartridge 2768 to sense the
motion of tissue 2820 grasped between the anvil 2766

and the cartridge 2768 from one sensor S1 towards an
adjacent sensor S2, for example. As explained supra, the
control circuit 2760 may be configured to execute the
method 2900, implemented as an algorithm 2410 in the
sensor monitoring and processing circuit 2400.
[0347] In one aspect, the control circuit 2760 is con-
figured to independently select any one or more of the
sensorsS1‑Sndisposed in theendeffector 2752.Theone
or more sensors S1‑Sn are configured to sense 2902 a
property of tissue 2820 disposed in the end effector 2752
of thesurgical instrument2750.Thecontrol circuit 2760 is
configured to monitor 2904 the sensed property of the
tissue 2820 disposed in the end effector 2752 of the
surgical instrument 2750 over time. In a stapling car-
tridge, multiple sensors 2788 are disposed on the sta-
pling cartridge2768and canbe independentlymonitored
to sense movement of the tissue 2820 relative to each
sensor 2788 as described in FIG. 41. In one aspect, the
control circuit 2760 sends a command to the logic circuit
2842 to select an individual sensor S1‑Sn through the
multiplexer 2840. Each sensor S1‑Sn be sequentially
addressed and monitored in a continuous loop. By mon-
itoring 2904 the output 2848 of each of the selected
sensor S1‑Sn, the control circuit 2760 may be configured
to sense 2906 movement of the tissue 2820 from one
sensor S1 relative to an adjacent sensor S2 based on the
monitored property of the tissue 2820. In one aspect, the
tissue property monitored by the control circuit 2760 can
be an electrical property of the tissue 2820 such as
impedance Z or capacitance C. In another aspect, mon-
itoring the impedance Z or capacitance C of the tissue
2820 from one time point to the next can allow the control
circuit 2760 to detect the motion of the tissue 2820 from
one sensor towards the next. The control circuit 2760
may be configured to select 2908 a function of the surgi-
cal instrument 2750 based on the sensed movement of
the tissue 2820. The control circuit 2760 can detect the
position on the tissue 2820 based on the monitored
property of the tissue 2820. In various other aspects,
the monitored 2902 property may be rate of change of
closure load during closure of the end effector 2752 on
the tissue 2820, rate of change of closure load after
closure of the end effector 2752 on the tissue 2820 is
complete, force applied to the tissue 2820, impedance Z
spectrography, light transmissivity, light refractivity, or
Doppler effects to determine tissue characteristics,
among other properties that may be monitored by the
sensors S1‑Sn.
[0348] With reference now to FIGS. 34‑41 and 43, in
onegeneral aspect, FIG. 43 illustratesa flowdiagramof a
method 2910 of monitoring multiple sensors 2788 lo-
cated in the jaws of the end effector 2752 over time to
detect characteristics or properties of tissue 2820
grasped in the jaws of the end effector 2752, in accor-
dance with at least one aspect of the present disclosure.
In one aspect, the method 2910 comprises monitoring
multiple sensors S1‑Sn over time to detect motion char-
acteristics of the tissue2820, to detect tissue2820move-
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ment relative to at least two sensed locations, and to
provide real-time tissue flow sensing by monitoring one
or more than one sensed tissue property over a period of
time. As explained supra, the control circuit 2760may be
configured to execute the method 2910 implemented as
an algorithm 2410 in the sensor monitoring and proces-
sing circuit 2400.
[0349] In one aspect, the control circuit 2760 is con-
figured to independently sense tissue 2820 properties by
monitoring multiple longitudinally and laterally disposed
sensor S1‑Sn locations in the end effector 2752. The
control circuit 2760may be configured to employ sensing
techniques with a localized predetermined return path to
sense changes in a property of the both laterally and
longitudinally. In variousaspects, the tissuepropertymay
be impedance Z, impedance Z spectrography, capaci-
tance C, force exerted on the end effector 2752, force
applied to the tissue 2820, light transmissivity, light re-
fractivity, or Doppler effects to determine tissue charac-
teristics, among other tissue properties that may be
monitored by the sensors S1‑Sn.
[0350] light reflectivity, light refraction, among others.
Using these sensing techniques, the control circuit 2760
can detect specific amid-thicknessmeasure of the tissue
2820 located betweenat least two interconnected sensor
combinations in the array of sensors 2788, for example
S1‑S2 or S1‑S4, using well-known triangulation algorithm
techniques.
[0351] Morespecifically, according to oneaspect of the
method 2910, the control circuit 2760 may be configured
to monitor 2912 an array of longitudinal and lateral sen-
sors S1‑Sn independently and measure a property of the
tissue 2820. For example, the control circuit 2760 may
monitor the impedance Z, capacitance C, force exerted
on the end effector 2752, light reflection, light refraction
etc., of the tissue 2820 to determine if an individual or
group of sensorsS1‑S2 is in contactwith tissue2820. The
control circuit 2760may be configured to determine 2914
any changes in themonitored property of the tissue 2820
both laterally and longitudinally and these changes may
be tracked over a period of time occurring during closure,
after closure is complete, during firing, or after firing is
complete. The control circuit 2760 may be configured to
triangulate 2916 at least two interconnected sensor com-
binations, for example S1‑S2 or S1‑S4, using well-known
triangulation algorithm techniques to detect 2918 the
mid-thickness measure of tissue 2820 located between
two S1‑S2 or S1‑S4, for example, and select 2920 a
function of the surgical instrument 2750 based on the
detected mid-thickness of the tissue 2820.
[0352] There are a variety of well-known triangulation
algorithms that may be employed by the control circuit
2760 to detect mid-thickness of the tissue 2820. These
algorithms include theDelaunayTriangulationAlgorithm,
"A New Voronoi-Based Surface Reconstruction Algo-
rithm" (Amenta et al., SIGGRAPH 1998), and "Poisson
Surface Reconstruction" (Kazhdan et al, Symposium on
Geometry Processing 2006), for example, each of which

is herein incorporated by reference.
[0353] TheDelaunay TriangulationAlgorithm is able to
generate edges between vertices based on spatial geo-
metric relationship among vertices from a set of vertices,
thereby constructing a set of triangular faces and thus
constructing a target mesh model. The vertices may be
determined by sensors S1‑Sn locations that sense the
presence of tissue 2820. Specifically, the Delaunay Tri-
angulation Algorithm speculatively may calculate out the
vertices betweenwhich there should be a connecting line
by attempting to maximize the value of the least of the
three interior angles of each triangular face. In most
cases, theDelaunayTriangulationAlgorithmwouldavoid
generating a triangle that is too narrow and long in shape
(e.g., a triangle of which at least one of the interior angles
is less than 10 degrees). From experimental results dis-
closed in a number of literatures it may be known that, in
the case of a large number of vertices, the Delaunay
Triangulation Algorithm can make a relatively accurate
guess on the edges among vertices.
[0354] With reference to FIGS. 34‑41 and 44, in one
general aspect, FIG. 44 illustrates a method 2930 of
monitoring an array of sensors S1‑Sn distributed laterally
and longitudinally along the length of the end effector
2752 jaws (e.g., cartridge 2768 and anvil 2766) to de-
termine the location of heterogeneous tissue impedance
regions of tissue 2820 grasped in the jaws of the end
effector 2752, in accordance with at least one aspect of
the present disclosure. As explained supra, the control
circuit 2760 may be configured to execute the method
2930 implemented as an algorithm 2410 in the sensor
monitoring and processing circuit 2400.
[0355] In one aspect, the control circuit 2760 is con-
figured to monitor 2932 the jaws of the end effector 2752
closing on tissue 2820 (e.g., the anvil 2766 pivotally
rotating toward the cartridge 2768 to grasp tissue there-
between). The control circuit 2760 may be configured to
monitor 2934 each sensor S1‑Sn located on the anvil
2766 and / or cartridge 2768 of the jaw for a tissue
property during the jaw closing period. In various as-
pects, the tissue property may be impedance Z, impe-
dance Z spectrography, capacitance C, force exerted on
the end effector 2752, force applied to the tissue 2820,
light transmissivity, light refractivity, or Doppler effects to
determine tissue characteristics, among other tissue
properties that may be monitored by the sensors
S1‑Sn. The control circuit 2760 can track and record
the sensed tissue property for each sensor S1‑Sn during
the jaw closure period. This time history of the sensed
tissue property during the jaw closure period can be used
by the control circuit 2760 to determine 2936, e.g., by
inference, if present, heterogeneous regions of the mon-
itored tissue property - where the heterogeneous define
distinct changes or anomalies that mark a particular
baseline location. The control circuit 2760 may be con-
figured to track 2938 these baseline location(s) as the
firing of the knife / I-beam 2764 is initiated. Once firing of
the knife / I-beam2764 is initiated, the control circuit 2760
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is configured to track 2940 the position histories of these
baseline locations and use them for feedback control of
thefiringprocess.Thecontrol circuit 2760 is configured to
modify 2942 functions of the surgical instrument 2750 to
alter tissue flow during the knife / I-beam 2764 firing
process. Device functions that can be modified to alter
tissue flow during the firing process includes changing
the firing speed, pausing (complete stops) the firing
process, closure force among, others.
[0356] With reference to FIGS. 34‑41 and 45, in one
general aspect, FIG. 45 illustrates a method 2950 of
monitoring an array of sensors S1‑Sn distributed laterally
and longitudinally in the end effector 2752 (e.g., cartridge
2768 and anvil 2766) to predict tissue 2820 flow in the
jaws of the end effector 2752, in accordance with at least
oneaspect of thepresent disclosure.Asexplained supra,
the control circuit 2760may be configured to execute the
method 2950 implemented as an algorithm 2410 in the
sensor monitoring and processing circuit 2400.
[0357] In order to predict the amount of tissue 2820
flow in the jaws of the end effector 2752, according to the
method 2950, the control circuit 2760 may be configured
to monitor 2952 an array of longitudinal and lateral sen-
sors S1‑Sn independently and measure a property of the
tissue 2820. In various aspects, the tissue property may
be impedance Z, impedance Z spectrography, capaci-
tance C, force exerted on the end effector 2752, force
applied to the tissue 2820, light transmissivity, light re-
fractivity, or Doppler effects to determine tissue charac-
teristics, among other tissue properties that may be
monitored by the sensors S1‑Sn. During the monitoring
2952phase, the control circuit 2760maybe configured to
determine 2954 changes in themonitored property of the
tissue2820both longitudinally and laterally andbasedon
the determined 2954 changes, the control circuit 2760
may be configured to sense 2956 tissue flow during the
jaw closure time period. Once the tissue flow is sensed
2956, the control circuit 2760 may be configured to
determine 2958 at least one device parameter after
jaw closure is complete. The at least one device para-
meter may include device sensed parameters such as,
for example, rate of change of closure load during clo-
sure, rate of change of closure load after closure is
complete, etc.. The control circuit 2760 may be config-
ured to determine 2960 tissue type or tissue condition
based on the tissue flow during jaw closure in combina-
tion with the at least one device parameter determined
2958 after the jaw closure is complete. The control circuit
2760may be further configured to modify 2962 functions
of the surgical instrument based on the tissue type.
[0358] In one aspect, sensing 2956 tissue flow can be
based on knowledge of tissue type from situational
awareness and / or other device sensed measures
(e.g., rate of change of closure load during closure, rate
of change of closure load after closure is complete, etc.).
Tissue type or tissue conditionmay be determined tissue
type by combining tissue flow during jaw closure with
force feedback of closure system. Tissue flow may be

further refined by determining tissue impedance. The
process may be employed to detect rigid or foreign
objects within the jaws of the end effector 2752.
[0359] In another aspect, the control circuit 2760 may
be configured to monitor and record the magnitude of
tissue impedance Z while measuring tissue flow during
jawclosure.A jawclosurealgorithmcanbeused to sense
tissue movements during closure as an indicator of the
potential effect of each changeduring firing of the knife / I-
beam 2764. For example, at a first closure rate, the
magnitude / direction of tissue flow may be estimated,
then the closure ratemay be adjusted and the changes in
tissue flow are tracked and recorded in memory by the
control circuit 2760. Inoneaspect, the control circuit 2760
my be configured to predict post-fire tissue position by
utilizing closure tissue flow and closure force feedback
prior to firing - to provide feedback to surgeon allowing
opportunity to reposition to ensure tissue is fully captured
in the cut line 2824 of the end effector 2752.
[0360] In various other aspects, the control circuit 2760
of the sensormonitoring andprocessing circuit 2400may
be configured or programmed to execute algorithms
2410 tomonitor and interrogate tissue based on a variety
of sensor configurations in the end effector 2752.
[0361] In one aspect, the control circuit 2760 may be
configured or programmed to monitor tissue impedance
Z over time and tracking the tissue impedance Z across a
single electrode or segmented electrodes of the sensor
array S1‑Sn configured along the length of the cartridge
2768.
[0362] In other aspects, the control circuit 2760maybe
configured or programmed to monitor tissue impedance
Z spectrography. This may be accomplished by utilizing
sweepsof different frequenciesandmonitoring the tissue
impedance Z to the power and frequency to determine
the composition of the tissue 2820.
[0363] In other aspects, the control circuit 2760maybe
configured or programmed tomonitor tissue capacitance
C. Tissue characteristics and gap relationship of the jaws
may be utilized to determine the amount of tissue 2820
present in the jaws of the end effector 2752.
[0364] In other aspects, the jaws of the end effector
2752may include optical sensors disposed longitudinally
and laterally in the anvil 2766 and / or cartridge 2768. The
control circuit 2760 may be configured to monitor light
transmissivity, refractivity, orDoppler effects todetermine
tissue characteristics. The method may include analyz-
ing local light refractivity to determine the surface condi-
tions of the tissue 2820 tomonitor irregularities within the
tissue captured between the jaws. The method further
may include analyzing a Doppler effect frequency of the
light to monitor for local moving particles of tissue in the
jaws of the end effector 2752.
[0365] In one general aspect, the present disclosure
provides a sensor and electronic circuit capable of mon-
itoring at least two internal cartridge component locations
to determine status or operation of the cartridge. The
disclosurealsoprovides sensorsandelectronic circuit for
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monitoring the internal function or motion of components
within the cartridge to determine the status, operation, or
current stroke location of the couple firingactuator. In one
aspect, the sensors and electronic circuit provides infor-
mation to the user derived from the sensed parameters.
In another aspect, the electronic circuit can alter the
functional status of the device (e.g., safety lock-out)
based on the sensed status.
[0366] In various aspects, the cartridge sensors and
electronic circuit are configured to monitor the operation
of the cartridge elements comprises sensors and elec-
tronic circuit for detecting staple drivers and the deploy-
ment of staples to monitor the status and operation of
staple deployment. In another aspect, the cartridge sen-
sors and electronic circuit are configured to monitor and
interrogate tissue captured in the jaws of the end effector.
Finally, in another aspect, the cartridge sensors and
electronic circuit are configured to employ a combination
of data aggregation that can be employed to create
redundant measures of safety. These aspects are ex-
plained in more detail in the following description accom-
panying the drawings.
[0367] An exploded view of an end effector 4000 of a
surgical stapling system is illustrated in FIG. 46. The end
effector 4000 comprises a frame 4002, a cartridge jaw
4004, and an anvil 4006. The cartridge jaw 4004 extends
fixedly from the frame 4002. The anvil 4006 is movable
between an open, or unclamped, position and a closed,
or clamped, position relative to the cartridge jaw 4004. In
alternative aspects, the cartridge jaw 4004 is movable
between an open, or unclamped, position and a closed,
or clamped, position relative to the anvil 4006. In at least
one such embodiment, the anvil 4006 extends fixedly
from the frame 4002.
[0368] The cartridge jaw 4004 includes a channel or
carrier 4022 configured to receive a staple cartridge,
such as a staple cartridge 4008, for example. Referring
to FIG. 58, the staple cartridge 4008 comprises a car-
tridge body 4010. The cartridge body 4010 comprises a
deck 4012 configured to support the tissue of a patient, a
longitudinal slot 4014, and six longitudinal rows of staple
cavities 4016 defined therein. Each staple cavity 4016 is
configured to receive and removably store a staple there-
in. The staple cartridge 4008 further comprises staple
drivers 4028 configured to drive the staples out of the
staple cavities 4016. Other staple cartridges with various
other arrangements of staple cavities, decks, and/or
staples are envisioned for usewith the end effector 4000.
[0369] Further to the above, the staple cartridge 4008
further comprises a sled 4018 configured to engage the
staple drivers 4028. More specifically, the sled 4018
comprises ramps 4020 configured to engage cams de-
fined on the staple drivers 4028 and lift the staple drivers
4028 and the staples within the staple cavities 4016 as
the sled 4018 is moved distally through the staple car-
tridge 4008. A firingmember is configured tomotivate the
sled 4018 distally from a proximal, unfired, or starting
position toward a distal, fired, or end position during a

staple firing stroke.
[0370] The staples are supported by the staple drivers
4028 in the cartridge body 4010. The staple drivers 4028
are movable between a first, or unfired position, and a
second, or fired, position to eject the staples from the
staple cavities 4016.Thestaple drivers 4028are retained
in thecartridgebody4010byapanor retainer 4030which
extends around the bottom of the cartridge body 4010
and includes resilient members 4031 configured to grip
the cartridge body 4010 and hold the retainer 4030 to the
cartridge body 4010. The staple drivers 4028 are mova-
ble between their unfired positions and their fired posi-
tionsby thesled4018.Thesled4018 ismovablebetween
a proximal position and a distal position. The sled 4018
comprises a plurality of ramped surfaces 4020 config-
ured to slide under the staple drivers 4028 and lift the
staple drivers 4028, and the staples supported thereon,
toward the anvil 4006.
[0371] In various examples, the staple cartridge 4008
includes one or more retaining members that are config-
ured to ensure a tight attachment between an unfired
staple cartridge 4008 and a cartridge channel or carrier
4022. The retaining members can be moved, or other-
wise modified, during the firing of the staple cartridge
4008 to yield a reduced attachment between the fired
staple cartridge 4008 and the cartridge channel or carrier
4022. The reduced attachment permits a user to easily
remove the fired staple cartridge 4008 from the cartridge
channel or carrier 4022.
[0372] In the example illustrated in FIG. 46, the staple
cartridge 4008 is removably seated in the cartridge chan-
nel or carrier 4022. The staple cartridge 4008 includes
two retaining members 4037 on opposite sides of the
staple cartridge 4008. The retaining members 4037 are
configured tomaintain, or to helpmaintain, a tight attach-
ment between the staple cartridge4008and the cartridge
channel or carrier 4022. The retaining members 4037
may extend from a base 4019 of the retainer 4030. In
various examples, the retaining members 4037 are
spaced apart from walls 4039 of the retainer 4030 to
permit the retaining members 4037 to flex relative to
the walls 4039.
[0373] Each retaining member 4037 is in the form of a
resilient member movable between a biased configura-
tion in an unfired staple cartridge 4008, and an unbiased,
or less biased, configuration in a fired staple cartridge
4008. In the unfired staple cartridge 4008, the retaining
member 4037 is biased into an engagement with the
cartridge channel or carrier 4022 to maintain, or to help
maintain, a pre-firing cartridge removal load. A load
greater than or equal to the pre-firing cartridge removal
load is needed to separate an unfired staple cartridge
4008 from the cartridge channel or carrier 4022.
[0374] Each retaining member 4037 includes a first
curved portion 4044 that defines a first retention feature
or detent receivable in a depression or groove defined in
a side wall 4009 of the cartridge channel or carrier 4022.
The first curved portion 4044 is retained in groove while
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the retainingmember 4037 is in the biased configuration.
Each retaining member 4037 further includes a second
curved portion 4047 that defines a second retention
feature detent configured to rest against at least one
staple driver 4028 while the retaining member 4037 is
in the biased configuration. In various examples, each
retaining member 4037 defines a plane transecting the
base 4019, wherein the first curved portion 4044 defines
a first detent on the first side of the plane, andwherein the
second curved portion 4047 defines a second detent on
the second side of the plane.
[0375] In one aspect, the pan or retainer 4030 com-
prises a first plurality of sensors 4050 arranged in a first
array disposed longitudinally on both sides of a long-
itudinal slot 4054 formed in the base 4019 of the retainer
4030. A second plurality of sensors 4052 arranged in a
second array are disposed on one side of the longitudinal
slot 4054. It will be appreciated, however, that the second
sensor array 4052 alsomay be disposed on both sides of
the longitudinal slot 4054. In one general aspect, the first
sensor array 4050 are configured to detection motion of
the movable staple drivers 4028 and more particularly,
the first sensor array 4050 are configured to sense the
advancement state of the staple drivers 4028 to drive the
staples out of the staple cavities 4016. In one aspect, the
second sensor array 4052 are configured to sense the
motion of the sled 4018 as it moves along the longitudinal
slot 4054 and actuates the staple drivers 4028.
[0376] In one aspect, the sled 4018 and / or the staple
drivers4028maybe formedout of ferromagneticmaterial
or embedded with ferromagnetic particles. The first and
second sensor arrays 4050, 4052 may be positioned in
the pan or retainer 4030 of the cartridge base 4019. The
movement of the sled 4018 and / or the staple drivers
4028 induces a current (signal) in the first and / or second
sensor arrays 4050, 4052 below the staple driver 4028 to
produceasignal detectableby theelectronic circuit 4074,
described in FIG. 47. This configuration of the sled 4018
and staple drivers 4028 and the first and second sensor
arrays 4050, 4052 enable the electronic circuit 4074 to
determine the position and speed of the staple driver
4028 and / or the position and speed of the sled 4018.
[0377] Referring to FIGS. 46 and 47, the staple car-
tridge 4008 includes a cartridge circuit 4044. The car-
tridge circuit 4024 includes a storage medium 4026, a
cartridge connector-region 4017 comprising a plurality of
external electrical contacts 4028, and a cartridge-status
circuit portion 4032 that includes a trace element 4034.
The storage medium 4026 can be a memory that stores
information about the staple cartridge 4008 such as, for
example, various characteristics of the staple cartridge
4008 including a firing status, staple-type, staple-size,
cartridge batch number, and/or cartridge color.
[0378] FIG. 47 is a schematic illustration of the first and
secondsensor arrays4050, 4052positioned in thepanor
retainer 4030 of the cartridge base 4019, the first and
second sensor arrays 4050, 4052 shown coupled to an
electronic circuit 4074, in accordance with at least one

aspect of the present disclosure. As shown, the first
sensor array 4050 is longitudinally disposed on both
sides of the slot 4054 defined in the pan or retainer
4030. The second sensor array 4052 is disposed long-
itudinally along one side of the slot 4054, although in
other aspects the second sensor array 4052 may be
disposed on both sides of the slot 4054 similar to the
first sensor array 4050.
[0379] With reference now to FIGS. 46 and 47, in one
aspect, thefirst sensor array4050comprisesaplurality of
elementsconfigured todetect themovement of thestaple
drivers 4028 as they move between their unfired posi-
tions and their fired positions by the sled 4018. As dis-
cussed supra, the staple drivers 4028 may be made of a
ferromagnetic material or may be embedded with a fer-
romagnetic material that is detected by the elements in
the first sensor array 4050. In one aspect, the movement
of the staple driver 4028 induces a current (signal) in the
first array sensor 4050 located below the staple driver
4028. Thus, the first sensor array 4050 can detect the
position and speed of the staple driver 4028. In one
aspect, the first sensor array 4050 may comprise a
plurality of Hall cells constructed from a semiconductor
strip. In other aspects, the first sensor array 4050 may
comprise a plurality of Hall sensor elements. In other
aspects, the first sensor array 4050may comprises other
sensor elements configured to detect magnetic fields
generated by moving ferromagnetic elements in the car-
tridge 4008.
[0380] Still with reference to FIGS. 46 and 47, in one
aspect, the second sensor array 4052 comprises a plur-
ality of elements configured to detect the movement of
the sled 4018 or the tissue cutting knife and it moved
along the slot 4014 of the staple cartridge 4008. As
discussed supra, the sled 4018 or the tissue cutting knife
may be made of a ferromagnetic material or may be
embedded with a ferromagnetic material that is detected
by the elements in the second sensor array 4052. In one
aspect, the movement of the sled 4018 or cutting knife
induces a current (signal) in the second array sensor
4052 as it travels along the slot 4054. Thus, the second
sensor array 4052 can detect the position and speed of
the sled 4018 or cutting knife. In one aspect, the sensor
array 4052 may comprise a plurality of Hall cells con-
structed froma semiconductor strip. In other aspects, the
second sensor array 4052 may comprise a plurality of
Hall sensor elements. In other aspects, the second sen-
sor array 4052 may comprises other sensor elements
configured todetectmagnetic fieldsgeneratedbymoving
ferromagnetic elements in the cartridge 4008.
[0381] Still with reference to FIGS. 46 and 47, the first
sensor array 4050 is coupled to a control circuit 4062 for
processing the signals 4058 generated by the motion of
the staple drivers 4028. The signals 4058 generated by
the first sensor array 4050 may comprise voltage, cur-
rent, resistance, impedance, capacitance, inductance,
frequency, phase, etc. The individual sensor elements of
the first sensor array 4050 are selected by a multiplexer
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4056 by the control circuit 4062 and are selected by a
logic / analog-to-digital converter (ADC) circuit 4060 via
select line 4066. The output signal 4058 of the selected
sensor element is routed to the output 4068 of the multi-
plexer 4056 to an ADC portion of the logic / ADC circuit
4060. The digital output value of the output signal 4058 of
the selected sensor element in the first sensor array 4050
is readby thecontrol circuit 4062 throughdata lines4064.
The value may be stored in the memory 4066 coupled to
the control circuit 4062.
[0382] The second sensor array 4052 is coupled to the
control circuit 4062 for processing the signals 4070 gen-
erated by the motion of the sled 4018 or tissue cutting
knife. The signals 4070 generated by the second sensor
array 4052 may comprise voltage, current, resistance,
impedance, capacitance, inductance, frequency, phase,
etc. The individual sensor elements of the second sensor
array 4052 are selected by the multiplexer 4056 by the
control circuit 4062 and are selected by the logic / ADC
circuit 4060via select line4066.Theoutput signal 4070of
the selected sensor element is routed to the output 4068
of the multiplexer 4056 to an ADC portion of the logic /
ADC circuit 4060. The digital output value of the output
signal 4070 of the selected sensor element in the second
sensor array 4052 is read by the control circuit 4062
through data lines 4064. The value may be stored in
the memory 4066 coupled to the control circuit 4062.
[0383] In various aspects, the control circuit 4062 may
comprise one or more microcontrollers, microproces-
sors, or other suitable processors for executing instruc-
tions that cause the processor or processors to process
the signals received from the first and second sensor
arrays 4050, 4052. In other aspects, the control circuit
4062 may comprise analog or digital circuits such pro-
grammable logicdevices (PLD), fieldprogrammablegate
arrays (FPGA), discrete logic, or other hardware circuits,
software, and / or firmware, or other machine executable
instructions to perform the functions explained in the
following description. The control circuit 4062 is coupled
to a memory 4066 for storing data and / or machine
executable instructions. In various aspects, the control
circuit 4062 and the memory 4066 may be located in the
cartridge 4008. In other aspects, the control circuit 4062
and the memory 4066 may be located off the cartridge
4008 and coupled to the other components of the elec-
tronic circuit 4074 via wired or wireless communication
techniques. In other aspects, the memory 4066 may be
located in the cartridge 4008 and the control circuit 4062
may be located off the cartridge 4008 and coupled to the
electronic circuit 4074 via wired or wireless connection
techniques.
[0384] Still with reference to FIGS. 46 and 47, for
configurations where the tissue cutting knife is housed
within the cartridge 4008 instead of being integrated to
the I-Beam, the knife can serve as the ferromagnetic
material. Same principle can be applied to the staple
pan or retainer 4030, the I-beam, andanvil 4006. In some
aspects, thestaplesmaybemadeofTitaniumorTitanium

alloys. However, if staples are made of a ferromagnetic
material, the same principle could also be applied to the
staples.
[0385] If themotions ofmeasured components suchas
staple drivers 4028 and the sled 4018, for example,
deviates from what is desired improper device status,
poor staple formation, etc. can occur which can lead to
complications such as bleeding, leaks, etc. Accordingly,
the control circuit 4062 may be programmed or config-
ured to detect the deviation from the proper operation
based on the readings obtained from the first and second
sensor arrays 4050, 4052 and intervene in the function of
the device before the next step in the operation has
begun to improve the operation of the device. For ex-
ample, if a staple driver 4028 does notmove the intended
distance, staple formation can be compromised. If the
sled 4018 does not move the intended distance, the
staple line may not be complete. Accordingly, the control
circuit 4062 may process the measured signals 4058,
4070 obtained from the first and second sensor arrays
4050, 4052 to authenticate the cartridge 4008 and to
ensure it is not a (sub-optimal) copy. In addition, the
control circuit 4062 may process the measured signals
4058, 4070 obtained from the first and second sensor
arrays 4050, 4052 to determine device status including
whether the cartridge 4008 was properly loaded, the
staple pan or retainer 4030 has been removed, cartridge
4008 was already fired, etc. Additional circuits explained
below in reference to FIGS. 48 and 49 can be employed
by the control circuit 4062 to determine if a bad staple
formation may occur such as when a staple leg does not
contact a staple pocket, which likely increases the po-
tential for leaks in that area. Other conditions that can be
monitored be the control circuit 4062 include, for exam-
ple, determining whether the anvil 4006 is fully closed
prior to firing the sled 4018 and tissue cutting knife, for
example.
[0386] Turning now primarily to FIGS. 48 and 49 and
with reference back to FIGS. 46 and 47, the anvil 4006
comprises staple-forming pockets 4310 including an
electrically conductive circuit element 4314, in accor-
dancewithoneormoreaspectsof thepresentdisclosure.
FIG. 49 illustrates a perspective view of the staple-form-
ing pocket 4310 of FIG. 48 after the electrically conduc-
tivecircuit element4314hasbeenseveredbyastaple leg
during proper formation of the staple leg, in accordance
with one or more aspects of the present disclosure.
[0387] As illustrated inFIG.48, astaple-formingpocket
4310 comprises a concave surface 4324 that intersects
the tissue-contacting surface 4308 at outer edges 4326.
The electrically conductive circuit element 4314 can be
positioned onto the concave surface 4324 in the path of a
properly forming staple. Sidewalls 4328 along with the
concave surface 4324 define a forming track 3325 for a
staple leg. The concave surface 4324 includes a first
contact portion 4330, a deep portion 4332, and an end
portion 4334. The first contact portion 4330 is configured
to make first contact with the tip of the staple leg as the
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staple leg enters the staple-forming pocket 4310. The
staple leg is then curled as it follows the forming track
4325 passing along the deep portion 4332 and the end
portion 4334 of the concave surface 4324. The end
portion 4334 guides the staple leg toward the base of
the staple.
[0388] As illustrated in FIG. 48, the electrically con-
ductive circuit element 4314canbepositionedacross the
forming track4325.Since successful contactwith the first
contact portion 4330 increases the likelihood of proper
formation of a staple leg, placing the electrically conduc-
tive circuit element 4314 onto the forming track 4325 at a
position beyond the first contact portion 4330 improves
the accuracy of detecting proper or improper staple for-
mation.
[0389] In at least one example, the electrically conduc-
tive circuit element 4314 is placed on the forming track
4325 between the first contact portion 4330 and the deep
portion 4332. In at least one example, the electrically
conductive circuit element 4314 is placed on the forming
track 4325 between the deep portion 4332 and the end
portion 4334. In at least one example, the electrically
conductive circuit element 4314 is placed on the forming
track 4325 within the deep portion 4332. In at least one
example, the electrically conductive circuit element 4314
is placed on the forming track 4325 at the center, or
substantially at the center, of the deep portion 4332. In
at least one example, the electrically conductive circuit
element 4314 is placed on the forming track 4325 at the
deepest section of the forming track 4325. In at least one
example, the electrically conductive circuit element 4314
is positioned onto the concave surface 4324 closer to the
first contact portion 4330 than end portion 4334. In at
least one example, the electrically conductive circuit
element 4314 is positioned onto the concave surface
4324 closer the end portion 4334 than the first contact
portion 4330.
[0390] In certain instances, an electrical circuit can be
positioned in the path of a properly forming staple and
may be coupled to the electronic circuit 4074 (FIG. 47).
The electronic circuit 4074 is configured to detect the
continuity of the electrically conductive circuit element
4314 to determine if a staple was properly formed in the
staple-forming pocket 4310. In such instances, an inter-
ruption in the electrical circuit can be construed by the
electronic circuit 4074 as an indication that a staple was
properly formed while persistence in the electrical con-
tinuity of the electronic circuit can be construed by the
electronic circuit 4074 as an indication that a staple was
improperly formed. Inother instances, anelectrical circuit
can be positioned in a likely path of an improperly forming
staple. In such other instances, an interruption in the
electrical continuity of the electrical circuit can be con-
strued as an indication that a staple was improperly
formed while persistence in the electrical continuity of
the electrical circuit can be construed by the electronic
circuit 4074 as an indication that the staple was properly
formed.

[0391] Referring to FIG. 48, an electrical circuit can
include one or more electrically conductive circuit ele-
ments 4314 that cause an interruption in the electrical
circuit when severed by a staple leg as the staple leg is
formed.Anelectrically conductive circuit element 4314of
an electrical circuit can be positioned in the path of a
properly forming staple leg. A severance of the electri-
cally conductive circuit element 4314, as illustrated in
FIG. 49, can be construed as an indication that the staple
was properly formed. In other instances, an electrically
conductive circuit element 4314 of an electrical circuit
can be positioned in a likely path of an improperly forming
staple. In such instances, a severance of the electrically
conductive circuit element 4314 can be construed by the
electronic circuit 4074 as an indication that a staple was
improperly formed.
[0392] With reference toFIGS.46‑49, inoneaspect the
control circuit 4062may be programmed or configured to
monitor and interrogate tissue. In one aspect, the control
circuit 4062maybeprogrammedor configured tomonitor
magnetic fields by reading the output signals 4058, 4070
of the first and second sensor arrays 4050, 4052 located
in the pan or retainer 4030 portion of the staple cartridge
4008 in the end effector 4000. The first and second
sensor arrays 4050, 4052 may be disposed in the pan
or retainer 4030 portion to monitor magnetic structures
located within the boundaries of the cartridge 4008 or to
monitor or aero magnetic fields outside the cartridge
4008. The control circuit 4062 may be further pro-
grammed or configured to detection the staple legs con-
tacting the staple-forming pocket 4310 as explained in
FIGS. 48 and 49 as associated description. The control
circuit 4062may consider the detection of the staple legs
contacting the staple-forming pocket 4310 in combina-
tion with the signals 4058, 4070 received from the first
and second sensor arrays 4050, 4052 to determine the
status of the cartridge 4008 such as, for example, deter-
mining whether the cartridge 4008 was properly loaded,
the staple pan or retainer 4030 has been removed,
cartridge 4008 was already fired, staples are properly
formed, location and speed of the staple drivers 4028,
and / or location and speed of the sled 4018, among
others. Additional techniques for detecting staple forma-
tion are described in U.S. Patent No. 10,456,137 titled
STAPLE FORMATION DETECTION MECHANISMS,
which is herein incorporated by reference in its entirety.
[0393] FIG. 50 illustrates a distal sensor plug 4816
comprising an electronic circuit 4074 configured tomoni-
tor and process signals 4058, 4070 from the first and
second sensor arrays 4050, 4052, in accordance with at
least one aspect of the present disclosure. The distal
sensor plug 4816 comprises a memory sensor 4810 and
an electronic circuit 4074. The distal sensor plug 4816
further comprises a flex board 4814. The sensor 4810
and the electronic circuit 4074 are operatively coupled to
the flex board 4814 such that they are capable of com-
municating. Additional smart cartridge techniques are
described in U.S. Patent No. 9,993,248 titled SMART
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SENSORS WITH LOCAL SIGNAL PROCESSING,
which is herein incorporated by reference in its entirety.
[0394] With reference to FIGS. 46‑50, in one aspect,
the cartridge 4008 feature sensing of the staple drivers
4028, sled 4018, and other elements, employed to moni-
tor the operation of the cartridge 4008 may be used in
combination with other data aggregations to create re-
dundant measures of safety. Accordingly, a combination
or hybrid of data transferred to the cartridge 4008 and
data sensed locally on the cartridge 4008 may be pro-
cessed by the control circuit 4062 for safety context
resolution.
[0395] In on aspect, the combination of aggregated
data may be obtained by the control circuit 4062 from
mechanically derived data sources and instrument lock-
out data sources. The combination of data may be pro-
cessed by the control circuit 4062 to determine authen-
ticity, safety, and data value of the cartridge 4008 or other
end effector 4000 components. For example, the me-
chanical lockout acts a safety system for force detection.
In one aspect, as explained herein, a force feature may
be provided in the cartridge 4008 to identify the presence
of an unfired reload and some level of identification of the
type of cartridge 4008 loaded in the end effector 4000.
The mechanical lockout exists in conjunction to ensure
that failure of digital detection still allowssafe operation of
the device. This could beaspart of the samesystemor as
a separate system, for example.
[0396] In another aspect, the combination of aggre-
gated data may be obtained by the control circuit 4062
frommultiple radio frequency identification (RFID) tagsor
1-wirememories located on different data channels. This
combination of data may be processed by the control
circuit 4062 to determine authenticity, safety, and data
value of the cartridge 4008 or other end effector 4000
components. The authenticity of the cartridge 4008 may
be determined by a combination of multiple RFID or 1-
wirememory sources for security. Safetymay be accom-
plished by employing multiple data channels in the car-
tridge 4008 to ensure redundancy in the system. In one
aspect, the reading should not be established unless all
system faults / challenges are successfully mitigated.
[0397] In yet another aspect, the combination of ag-
gregateddatamaybeobtainedby the control circuit 4062
from at least one RFID tag or 1-wire memory in combina-
tion with mechanical lockout data. This combination of
data may be processed by the control circuit 4062 to
determine authenticity, safety, and data value of the
cartridge 4008 or other end effector 4000 components.
Authenticity may be determined by encryption of the
memory device and embedding force features in the
cartridge 4008 mechanical lockout as explained supra.
Further, the mechanical lockout acts as a safety system
for the memory device.
[0398] In yet another aspect, the combination of ag-
gregateddatamaybeobtainedby the control circuit 4062
from at least one RFID tag or 1-wire memory in combina-
tion with force detection data. This combination of data

may be processed by the control circuit 4062 to deter-
mine authenticity, safety, and data value of the cartridge
4008 or other end effector 4000 components. Authenti-
city may be determined by encryption of the memory
device and the presence of a force detection feature.
Safety may be accomplished by a force detection con-
firmation of proper system function. Needs to only func-
tion if all system faults / challenges are successfully
mitigated.
[0399] In yet another aspect, the combination of ag-
gregateddatamaybeobtainedby the control circuit 4062
from multiple RFID tags in combination with mechanical
lockout data. This combination of datamaybe processed
by the control circuit 4062 to determine authenticity,
safety, and data value of the cartridge 4008 or other
end effector 4000 components. Authenticity may be de-
termined by employing multiple memory sources for
security device and the presence of a mechanical lock-
out. The mechanical lockout acts as a safety system for
the memory device.
[0400] In yet another aspect, the combination of ag-
gregateddatamaybeobtainedby the control circuit 4062
from a memory source and force detection data where
memory access is restricted. Thememory source data is
used to unlock thememory source and force detection. A
tuning circuitmay beemployed to unlockmemory access
a force detection data. The force detection data may be
employed as an input value to authenticate memory
reads.
[0401] Each of the above described processing of
aggregated data may be based on a hardware based
programmable logic risk mitigation strategy comprising
digital logic including, for example, FPGAs and ASICs
(application specific integrated circuits).
[0402] FIG. 51 is a method 4100 of monitoring internal
systems of a staple cartridge 4000 to detect and track
motion status of cartridge components, in accordance
with at least one aspect of the present disclosure. Having
described a sensor system configured to monitor at least
two internal cartridge 4008 component locations to de-
termine status or operation of the cartridge 4008 to
determine thestatus, operation, or current stroke location
of the coupled firing actuator, provide information to the
user derived from the sensed parameters, and alter the
functional status of the device (e.g., safety lock-out)
based on the sensed status, the description now turns
to a method 4100 of monitoring the internal function or
motion of components within the cartridge 4008 as
shown inFIG. 51. Themethod4100maybe implemented
by the control circuit 4062 of the electronic circuit 4074 as
described with reference to FIGS. 46‑50 and more parti-
cularly in FIG. 47.
[0403] According to the method, the control circuit
4062 is programmed or configured to receive 4102 the
digitized signal 4058 samples from the first sensor array
4050 configured to monitor a first internal function or
motion of a component locatedwithin the staple cartridge
4008 of a surgical instrument. The first sensor array 4050
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is disposed in the cartridge 4008 to sense the location or
motion of a first component located in the cartridge 4008.
By way of example, as discussed supra, the first sensor
array 4050 is disposed on the pan or retainer 4030 of the
cartridge 4008 and is configured to sense the location or
motion of the staple drivers 4028. In addition to the staple
driver 4028 and sled 4018 information, the control circuit
4062 may receive a signal from the electrically conduc-
tive circuit element 4314 of the staple-forming pockets
4310 to determine proper formation of the staple leg.
[0404] According to the method 4100, the control cir-
cuit 4062 is programmed or configured to receive 4104
thedigitizedsignal 4070samples from thesecondsensor
array 4052 configured to monitor a second internal func-
tion or motion of a component located within the staple
cartridge4008. Thesecondsensor arrayalso is disposed
in the cartridge 4008 to sense the location or motion of a
second component located in the cartridge 4008. By way
of example, the second sensor array 4052 is disposed in
the pan or retainer 4030 of the cartridge 4008 and is
configured to sense the location or motion of the sled
4018. As discussed throughout this disclosure, the firing
actuator is coupled to the sled 4018and the tissue cutting
knife. Accordingly, the position and speed of the sled
4018 as sensed by the second sensor array 4052may be
processedby the control circuit 4062 to determine status,
operation, or current stroke location of the firing actuator
and / or tissue cutting knife.
[0405] According to the method 4100, the control cir-
cuit 4062 is programmed or configured to process 4106
the signal 4058, 4070 samples received 4102, 4104 from
the first and second sensor arrays 4050, 4052 to deter-
mine a status of the staple cartridge 4008. The control
circuit 4062 is programmedor configured to provide 4108
informationderived from theprocessedsignal samples to
auserof thesurgical instrument.According to themethod
4100, the control circuit 4062 is programmed or config-
ured to alter 4110 the functional status of the surgical
instrument (e.g., safety lock-out) based on the sensed
status of the cartridge 4008 based on the processed
signal samples.
[0406] Also, by way of example, as discussed supra,
the control circuit 4062 may receive data from multiple
sources including, without limitation, mechanical lockout
features, forcemeasurements,RFID tags, 1-wireorother
memory devices to determine authenticity, safety, and
data value associated with cartridge 4008.
[0407] The surgical instrument systems described
herein have been described in connection with the de-
ployment and deformation of staples; however, the em-
bodiments described herein are not so limited. Various
embodiments are envisioned which deploy fasteners
other than staples, such as clamps or tacks, for example.
Moreover, various embodiments are envisioned which
utilize any suitable means for sealing tissue. For in-
stance, an end effector in accordance with various em-
bodiments can comprise electrodes configured to heat
and seal the tissue. Also, for instance, an end effector in

accordance with certain embodiments can apply vibra-
tional energy to seal the tissue.
[0408] The entire disclosures of:

- U.S. Patent No. 5,403,312, entitled ELECTROSUR-
GICAL HEMOSTATIC DEVICE, which issued on
April 4, 1995;

- U.S.PatentNo.7,000,818,entitledSURGICALSTA-
PLING INSTRUMENT HAVING SEPARATE DIS-
TINCT CLOSING AND FIRING SYSTEMS, which
issued on February 21, 2006;

- U.S. Patent No. 7,422,139, entitled MOTOR-DRI-
VEN SURGICAL CUTTING AND FASTENING IN-
STRUMENT WITH TACTILE POSITION FEED-
BACK, which issued on September 9, 2008;

- U.S. Patent No. 7,464,849, entitled ELECTRO-ME-
CHANICAL SURGICAL INSTRUMENTWITH CLO-
SURE SYSTEM AND ANVIL ALIGNMENT COM-
PONENTS, which issued on December 16, 2008;

- U.S. Patent No. 7,670,334, entitled SURGICAL IN-
STRUMENTHAVINGANARTICULATINGENDEF-
FECTOR, which issued on March 2, 2010;

- U.S.PatentNo.7,753,245,entitledSURGICALSTA-
PLING INSTRUMENTS, which issued on July 13,
2010;

- U.S. Patent No. 8,393,514, entitled SELECTIVELY
ORIENTABLE IMPLANTABLE FASTENER CAR-
TRIDGE, which issued on March 12, 2013;

- U.S. Patent Application Serial No. 11/343,803, en-
titled SURGICAL INSTRUMENT HAVING RE-
CORDING CAPABILITIES, now U.S. Patent No.
7,845,537;

- U.S. Patent Application Serial No. 12/031,573, en-
titled SURGICAL CUTTING AND FASTENING IN-
STRUMENTHAVINGRFELECTRODES, filed Feb-
ruary 14, 2008;

- U.S. Patent Application Serial No. 12/031,873, en-
titled END EFFECTORS FOR A SURGICAL CUT-
TING AND STAPLING INSTRUMENT, filed Febru-
ary 15, 2008, now U.S. Patent No. 7,980,443;

- U.S. Patent Application Serial No. 12/235,782, en-
titled MOTOR-DRIVEN SURGICAL CUTTING IN-
STRUMENT, now U.S. Patent No. 8,210,411;

- U.S. Patent Application Serial No. 12/235,972, en-
titledMOTORIZEDSURGICAL INSTRUMENT, now
U.S. Patent No. 9,050,083.

- U.S. Patent Application Serial No. 12/249,117, en-
titled POWERED SURGICAL CUTTING AND STA-
PLINGAPPARATUSWITHMANUALLYRETRACT-
ABLE FIRING SYSTEM, now U.S. Patent No.
8,608,045;

- U.S. Patent Application Serial No. 12/647,100, en-
titled MOTOR-DRIVEN SURGICAL CUTTING IN-
STRUMENTWITHELECTRICACTUATORDIREC-
TIONALCONTROLASSEMBLY,filedDecember24,
2009, now U.S. Patent No. 8,220,688;

- U.S. Patent Application Serial No. 12/893,461, en-
titled STAPLE CARTRIDGE, filed September 29,
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2012, now U.S. Patent No. 8,733,613;
- U.S. Patent Application Serial No. 13/036,647, en-

titled SURGICAL STAPLING INSTRUMENT, filed
February 28, 2011, now U.S. Patent No. 8,561,870;

- U.S. Patent Application Serial No. 13/118,241, en-
titledSURGICALSTAPLING INSTRUMENTSWITH
ROTATABLE STAPLE DEPLOYMENT ARRANGE-
MENTS, now U.S. Patent No. 9,072,535;

- U.S. Patent Application Serial No. 13/524,049, en-
titled ARTICULATABLE SURGICAL INSTRUMENT
COMPRISING A FIRING DRIVE, filed on June 15,
2012, now U.S. Patent No. 9,101,358;

- U.S. Patent Application Serial No. 13/800,025, en-
titled STAPLE CARTRIDGE TISSUE THICKNESS
SENSOR SYSTEM, filed on March 13, 2013, now
U.S. Patent No. 9,345,481;
U.S. Patent Application Serial No. 13/800,067, en-
titled STAPLE CARTRIDGE TISSUE THICKNESS
SENSOR SYSTEM, filed on March 13, 2013, now
U.S. Patent Application Publication No.
2014/0263552;

- U.S. Patent Application Publication No.
2007/0175955, entitled SURGICAL CUTTING
AND FASTENING INSTRUMENTWITHCLOSURE
TRIGGER LOCKING MECHANISM, filed January
31, 2006; and

- U.S. Patent Application Publication No.
2010/0264194, entitled SURGICAL STAPLING IN-
STRUMENT WITH AN ARTICULATABLE END EF-
FECTOR, filed April 22, 2010, now U.S. Patent No.
8,308,040, are hereby incorporated by reference
herein.

[0409] Although various devices have been described
herein in connection with certain embodiments, modifi-
cations and variations to those embodiments may be
implemented. Particular features, structures, or charac-
teristics may be combined in any suitable manner in one
or more embodiments. Thus, the particular features,
structures, or characteristics illustrated or described in
connection with one embodiment may be combined in
whole or in part, with the features, structures or charac-
teristics of one ore more other embodiments without
limitation. Also, wherematerials are disclosed for certain
components, othermaterials may be used. Furthermore,
according to various embodiments, a single component
may be replaced by multiple components, and multiple
components may be replaced by a single component, to
perform a given function or functions. The foregoing
description and following claims are intended to cover
all such modification and variations.
[0410] The devices disclosed herein can be designed
to be disposed of after a single use, or they can be
designed to be used multiple times. In either case, how-
ever, adevicecanbe reconditioned for reuseafterat least
one use. Reconditioning can include any combination of
the steps including, but not limited to, the disassembly of
the device, followed by cleaning or replacement of parti-

cular piecesof thedevice, andsubsequent reassemblyof
the device. In particular, a reconditioning facility and/or
surgical team can disassemble a device and, after clean-
ing and/or replacing particular parts of the device, the
device can be reassembled for subsequent use. Those
skilled in the art will appreciate that reconditioning of a
device canutilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such
techniques, and the resulting reconditioned device, are
all within the scope of the present application.
[0411] The devices disclosed herein may be pro-
cessed before surgery. First, a new or used instrument
may be obtained and, when necessary, cleaned. The
instrument may then be sterilized. In one sterilization
technique, the instrument is placed in a closed and
sealed container, such as a plastic or TYVEK bag. The
container and instrument may then be placed in a field of
radiation that can penetrate the container, such as gam-
ma radiation, x-rays, and/or high-energy electrons. The
radiation may kill bacteria on the instrument and in the
container. Thesterilized instrumentmay thenbestored in
the sterile container. The sealed container may keep the
instrument sterile until it is opened in a medical facility. A
device may also be sterilized using any other technique
known in the art, including but not limited to beta radia-
tion, gamma radiation, ethylene oxide, plasma peroxide,
and/or steam.
[0412] While this invention has been described as
having exemplary designs, the present invention may
be further modified within the spirit and scope of the
disclosure. This application is therefore intended to cover
anyvariations, uses, or adaptationsof the inventionusing
its general principles.
[0413] The foregoing detailed description has set forth
various formsof thedevicesand/or processes via theuse
of block diagrams, flowcharts, and/or examples. Insofar
as such block diagrams, flowcharts, and/or examples
contain one or more functions and/or operations, it will
be understood by those within the art that each function
and/or operation within such block diagrams, flowcharts,
and/or examples can be implemented, individually an-
d/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. Those
skilled in the art will recognize that some aspects of
the forms disclosed herein, in whole or in part, can be
equivalently implemented in integrated circuits, as one or
more computer programs running on one or more com-
puters (e.g., as one or more programs running on one or
more computer systems), as one or more programs
running on one or more processors (e.g., as one or more
programs running on one or more microprocessors), as
firmware, or as virtually any combination thereof, and that
designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill
of one of skill in the art in light of this disclosure. In
addition, those skilled in the art will appreciate that the
mechanisms of the subject matter described herein are
capable of being distributed as one or more program
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products in a variety of forms, and that an illustrative form
of the subjectmatter described herein applies regardless
of the particular type of signal bearing medium used to
actually carry out the distribution.
[0414] Instructions used to program logic to perform
various disclosed aspects can be storedwithin amemory
in the system, such as dynamic random access memory
(DRAM), cache, flashmemory, or other storage. Further-
more, the instructions can be distributed via a network or
by way of other computer readable media. Thus a ma-
chine-readable mediummay include any mechanism for
storing or transmitting information in a form readable by a
machine (e.g., a computer), but is not limited to, floppy
diskettes, optical disks, compact disc, read-only memory
(CD-ROMs), andmagneto-optical disks, read-onlymem-
ory (ROMs), random access memory (RAM), erasable
programmable read-only memory (EPROM), electrically
erasable programmable read-only memory (EEPROM),
magnetic or optical cards, flash memory, or a tangible,
machine-readable storage used in the transmission of
informationover the Internet via electrical, optical, acous-
tical or other forms of propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.). Accordingly,
the non-transitory computer-readable medium includes
any type of tangible machine-readable medium suitable
for storing or transmitting electronic instructions or infor-
mation in a form readable by a machine (e.g., a compu-
ter).
[0415] As used in any aspect herein, the term "control
circuit" may refer to, for example, hardwired circuitry,
programmable circuitry (e.g., a computer processor in-
cluding one or more individual instruction processing
cores, processing unit, processor,microcontroller,micro-
controller unit, controller, digital signal processor (DSP),
programmable logic device (PLD), programmable logic
array (PLA), or field programmable gate array (FPGA)),
state machine circuitry, firmware that stores instructions
executed by programmable circuitry, and any combina-
tion thereof. The control circuit may, collectively or indi-
vidually, be embodied as circuitry that forms part of a
larger system, for example, an integrated circuit (IC), an
application-specific integrated circuit (ASIC), a system
on-chip (SoC), desktop computers, laptop computers,
tablet computers, servers, smart phones, etc. Accord-
ingly, as used herein "control circuit" includes, but is not
limited to, electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one
integrated circuit, electrical circuitry having at least one
application specific integrated circuit, electrical circuitry
forming a general purpose computing device configured
by a computer program (e.g., a general purpose compu-
ter configured by a computer program which at least
partially carries out processes and/or devices described
herein, or a microprocessor configured by a computer
program which at least partially carries out processes
and/or devices described herein), electrical circuitry
forming a memory device (e.g., forms of random access
memory), and/or electrical circuitry forming a communi-

cations device (e.g., a modem, communications switch,
or optical-electrical equipment). Those having skill in the
art will recognize that the subjectmatter described herein
may be implemented in an analog or digital fashion or
some combination thereof.
[0416] As used in one or more aspects of the present
disclosure, a microcontroller may generally comprise a
memory and a microprocessor ("processor") operation-
ally coupled to the memory. The processor may control a
motor driver circuit generally utilized to control the posi-
tion and velocity of a motor, for example. In certain
instances, the processor can signal the motor driver to
stop and/or disable the motor, for example. In certain
instances, the microcontroller may be an LM
4F230H5QR, available from Texas Instruments, for ex-
ample. In at least one example, the Texas Instruments
LM4F230H5QR is an ARM Cortex-M4F Processor Core
comprising on-chip memory of 256 KB single-cycle flash
memory, or other non-volatile memory, up to 40 MHz, a
prefetch buffer to improve performance above 40MHz, a
32 KB single-cycle serial random access memory
(SRAM), internal read-only memory (ROM) loaded with
StellarisWare® software, 2 KB electrically erasable pro-
grammable read-only memory (EEPROM), one or more
pulse width modulation (PWM) modules, one or more
quadrature encoder inputs (QEI) analog, one ormore 12-
bit Analog-to-Digital Converters (ADC) with 12 analog
input channels, among other features that are readily
available for the product datasheet.
[0417] It should be understood that the term processor
as used herein includes any suitable microprocessor, or
other basic computing device that incorporates the func-
tions of a computer’s central processing unit (CPU) on an
integrated circuit or at most a few integrated circuits. The
processor is a multipurpose, programmable device that
accepts digital data as input, processes it according to
instructions stored in its memory, and provides results as
output. It is anexample of sequential digital logic, as it has
internal memory. Processors operate on numbers and
symbols represented in the binary numeral system. In at
least one instance, the processormay be any single core
or multicore processor such as those known under the
trade name ARM Cortex by Texas Instruments. Never-
theless, other suitable substitutes for microcontrollers
and safety processor may be employed, without limita-
tion.
[0418] As used in any aspect herein, the term "logic"
may refer to an app, software, firmware and/or circuitry
configured to perform any of the aforementioned opera-
tions.Softwaremaybeembodiedasasoftware package,
code, instructions, instruction sets and/or data recorded
on non-transitory computer readable storage medium.
Firmware may be embodied as code, instructions or
instruction sets and/or data that are hard-coded (e.g.,
nonvolatile) in memory devices.
[0419] As used in any aspect herein, the terms "com-
ponent," "system," "module" and the like can refer to a
computer-related entity, either hardware, a combination
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of hardware and software, software, or software in ex-
ecution.
[0420] As used in any aspect herein, an "algorithm"
refers to a self-consistent sequence of steps leading to a
desired result, where a "step" refers to a manipulation of
physical quantities and/or logic stateswhichmay, though
need not necessarily, take the form of electrical or mag-
netic signals capable of being stored, transferred, com-
bined, compared, and otherwise manipulated. It is com-
mon usage to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the
like. These and similar termsmay be associated with the
appropriate physical quantities and are merely conveni-
ent labels applied to these quantities and/or states.
[0421] A network may include a packet switched net-
work. The communication devices may be capable of
communicating with each other using a selected packet
switched network communications protocol. One exam-
ple communications protocol may include an Ethernet
communications protocol which may be capable permit-
ting communication using a Transmission Control Pro-
tocol/Internet Protocol (TCP/IP). The Ethernet protocol
may comply or be compatible with the Ethernet standard
published by the Institute of Electrical and Electronics
Engineers (IEEE) titled "IEEE 802.3 Standard", pub-
lished in December, 2008 and/or later versions of this
standard. Alternatively or additionally, the communica-
tion devicesmay be capable of communicatingwith each
other using an X.25 communications protocol. The X.25
communications protocol may comply or be compatible
with a standard promulgated by the International Tele-
communication Union-Telecommunication Standardiza-
tion Sector (ITU-T). Alternatively or additionally, the com-
munication devices may be capable of communicating
with each other using a frame relay communications
protocol. The frame relay communications protocol
may comply or be compatible with a standard promul-
gated by Consultative Committee for International Tele-
graph and Telephone (CCITT) and/or the American Na-
tional Standards Institute (ANSI). Alternatively or addi-
tionally, the transceiversmay be capable of communicat-
ing with each other using an Asynchronous Transfer
Mode (ATM) communications protocol. The ATM com-
munications protocol may comply or be compatible with
an ATM standard published by the ATM Forum titled
"ATM-MPLSNetwork Interworking2.0"publishedAugust
2001, and/or later versions of this standard. Of course,
different and/or after-developed connection-oriented
network communication protocols are equally contem-
plated herein.
[0422] As used in any aspect herein, a wireless trans-
mission such as, for example, a wireless communication
or awireless transfer of a data signal can be achieved, by
a device including one or more transceivers. The trans-
ceivers may include, but are not limited to cellular mod-
ems, wireless mesh network transceivers, Wi-Fi® trans-
ceivers, low power wide area (LPWA) transceivers, an-
d/or near field communications transceivers (NFC). The

device may include or may be configured to communi-
cate with a mobile telephone, a sensor system (e.g.,
environmental, position, motion, etc.) and/or a sensor
network (wired and/or wireless), a computing system
(e.g., a server, a workstation computer, a desktop com-
puter, a laptop computer, a tablet computer (e.g., iPad®,
GalaxyTab® and the like), an ultraportable computer, an
ultramobile computer, a netbook computer and/or a sub-
notebook computer; etc. In at least one aspect of the
present disclosure, one of the devices may be a coordi-
nator node.
[0423] The transceivers may be configured to receive
serial transmit data via respective universal asynchro-
nous receiver-transmitters (UARTs) from a processor to
modulate the serial transmit data onto an RF carrier to
produce a transmit RF signal and to transmit the transmit
RF signal via respective antennas. The transceiver(s)
can be further configured to receive a receive RF signal
via respective antennas that includes an RF carrier
modulated with serial receive data, to demodulate the
receive RF signal to extract the serial receive data and to
provide the serial receive data to respective UARTs for
provision to the processor. Each RF signal has an asso-
ciated carrier frequency and an associated channel
bandwidth. The channel bandwidth is associated with
the carrier frequency, the transmit data and/or the receive
data. Each RF carrier frequency and channel bandwidth
is related to the operating frequency range(s) of the
transceiver(s). Each channel bandwidth is further related
to the wireless communication standard and/or protocol
withwhich the transceiver(s)may comply. In otherwords,
each transceiver may correspond to an implementation
of a selected wireless communication standard and/or
protocol, e.g., IEEE 802.11 a/b/g/n for Wi-Fi® and/or
IEEE 802.15.4 for wireless mesh networks using Zigbee
routing.
[0424] Oneormore drive systemsor drive assemblies,
as described herein, employ one ormore electricmotors.
In various forms, the electric motors may be a DC
brushed driving motor, for example. In other arrange-
ments, the motor may include a brushless motor, a cord-
lessmotor, a synchronousmotor, a steppermotor, or any
other suitable electric motor. The electric motors may be
powered by a power source that in one form may com-
prise a removable power pack. Batteries may each com-
prise, for example, a Lithium Ion ("LI") or other suitable
battery. The electric motors can include rotatable shafts
that operably interface with gear reducer assemblies, for
example. In certain instances, a voltage polarity provided
by the power source can operate an electric motor in a
clockwise direction wherein the voltage polarity applied
to the electric motor by the battery can be reversed in
order to operate the electricmotor in a counter-clockwise
direction. In various aspects, a microcontroller controls
the electricmotor through amotor driver via a pulsewidth
modulated control signal. The motor driver can be con-
figured to adjust the speed of the electric motor either in
clockwise or counter-clockwise direction. The motor dri-
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ver is also configured to switch between a plurality of
operational modes which include an electronic motor
braking mode, a constant speed mode, an electronic
clutchingmode,andacontrolledcurrent activationmode.
In electronic braking mode, two terminal of the drive
motor 200 are shorted and the generated back EMF
counteracts the rotation of the electric motor allowing
for faster stopping and greater positional precision.
[0425] Unless specifically stated otherwise as appar-
ent from the foregoing disclosure, it is appreciated that,
throughout the foregoing disclosure, discussions using
terms such as "processing," "computing," "calculating,"
"determining," "displaying," or the like, refer to the action
andprocessesofacomputer system,or similar electronic
computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the
computer system’s registers and memories into other
data similarly represented as physical quantities within
the computer systemmemories or registers or other such
information storage, transmission or display devices.
[0426] One or more components may be referred to
herein as "configured to," "configurable to," "operable/-
operative to," "adapted/adaptable," "able to," "conforma-
ble/conformed to," etc. Those skilled in the art will recog-
nize that "configured to" can generally encompass ac-
tive-state components and/or inactive-state components
and/or standby-state components, unless context re-
quires otherwise.
[0427] Those skilled in the art will recognize that, in
general, terms used herein, and especially in the ap-
pended claims (e.g., bodies of the appended claims)
are generally intended as "open" terms (e.g., the term
"including" should be interpreted as "including but not
limited to," the term "having" should be interpreted as
"having at least," the term "includes" should be inter-
preted as "includes but is not limited to," etc.). It will be
further understood by thosewithin the art that if a specific
number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and
in theabsenceof such recitationnosuch intent ispresent.
For example, as an aid to understanding, the following
appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce
claim recitations. However, the use of such phrases
should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a" or "an"
limits any particular claim containing such introduced
claim recitation to claims containing only one such recita-
tion, evenwhen the same claim includes the introductory
phrases "one or more" or "at least one" and indefinite
articles such as "a" or "an" (e.g., "a" and/or "an" should
typically be interpreted to mean "at least one" or "one or
more"); the same holds true for the use of definite articles
used to introduce claim recitations.
[0428] In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those
skilled in the art will recognize that such recitation should
typically be interpreted to mean at least the recited num-

ber (e.g., the bare recitation of "two recitations," without
other modifiers, typically means at least two recitations,
or two or more recitations). Furthermore, in those in-
stances where a convention analogous to "at least one
ofA,B,andC,etc." isused, ingeneral suchaconstruction
is intended in the sense one having skill in the art would
understand the convention (e.g., "a system having at
least one of A, B, and C" would include but not be limited
to systems that have A alone, B alone, C alone, A and B
together, A andC together, B andC together, and/or A, B,
and C together, etc.). In those instances where a con-
vention analogous to "at least one of A, B, or C, etc." is
used, in general such a construction is intended in the
sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B, or
C"would includebut not be limited to systems that haveA
alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together,
etc.). It will be further understood by those within the art
that typically a disjunctiveword and/or phrase presenting
two ormore alternative terms, whether in the description,
claims, or drawings, should be understood to contem-
plate the possibilities of including one of the terms, either
of the terms, or both terms unless context dictates other-
wise. For example, the phrase "A or B" will be typically
understood to include the possibilities of "A" or "B" or "A
and B."
[0429] With respect to the appended claims, those
skilled in the art will appreciate that recited operations
therein may generally be performed in any order. Also,
although various operational flow diagrams are pre-
sented in a sequence(s), it should be understood that
the various operations may be performed in other orders
than those which are illustrated, or may be performed
concurrently. Examples of such alternate orderings may
include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous,
reverse, or other variant orderings, unless context dic-
tates otherwise. Furthermore, terms like "responsive to,"
"related to," or other past-tense adjectives are generally
not intended to exclude such variants, unless context
dictates otherwise.
[0430] It is worthy to note that any reference to "one
aspect," "an aspect," "an exemplification," "one exempli-
fication," and the like means that a particular feature,
structure, or characteristic described in connection with
the aspect is included in at least one aspect. Thus,
appearances of the phrases "in one aspect," "in an as-
pect," "in an exemplification," and "in one exemplifica-
tion" in various places throughout the specification are
not necessarily all referring to the same aspect. Further-
more, the particular features, structures or characteris-
tics may be combined in any suitable manner in one or
more aspects.
[0431] In this specification, unless otherwise indicated,
terms "about" or "approximately" as used in the present
disclosure, unless otherwise specified, means an accep-
table error for a particular value as determined by one of
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ordinary skill in the art, which depends in part on how the
value is measured or determined. In certain embodi-
ments, the term "about" or "approximately" means within
1, 2, 3, or 4 standard deviations. In certain embodiments,
the term "about" or "approximately" means within 50%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%,
0.5%, or 0.05% of a given value or range.
[0432] In this specification, unless otherwise indicated,
all numerical parameters are to be understood as being
prefaced and modified in all instances by the term
"about," in which the numerical parameters possess
the inherent variability characteristic of the underlying
measurement techniques used to determine the numer-
ical value of the parameter. At the very least, and not as
an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter described herein should at least be construed
in light of the number of reported significant digits and by
applying ordinary rounding techniques.
[0433] Any numerical range recited herein includes all
sub-ranges subsumed within the recited range. For ex-
ample, a range of "1 to 10" includes all sub-ranges
between (and including) the recited minimum value of
1 and the recited maximum value of 10, that is, having a
minimumvalueequal to or greater than1andamaximum
value equal to or less than 10. Also, all ranges recited
herein are inclusive of the end points of the recited
ranges. For example, a range of "1 to 10" includes the
end points 1 and 10. Any maximum numerical limitation
recited in this specification is intended to include all lower
numerical limitations subsumed therein, and any mini-
mum numerical limitation recited in this specification is
intended to include all higher numerical limitations sub-
sumed therein. Accordingly, Applicant reserves the right
to amend this specification, including the claims, to ex-
pressly recite anysub-rangesubsumedwithin the ranges
expressly recited. All such ranges are inherently de-
scribed in this specification.
[0434] Any patent application, patent, non-patent pub-
lication, or other disclosure material referred to in this
specification and/or listed in any Application Data Sheet
is incorporated by reference herein, to the extent that the
incorporated materials is not inconsistent herewith. As
such, and to the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting ma-
terial incorporated herein by reference. Any material, or
portion thereof, that is said to be incorporated by refer-
ence herein, but which conflicts with existing definitions,
statements, or other disclosure material set forth herein
will only be incorporated to the extent that no conflict
arises between that incorporated material and the exist-
ing disclosure material.
[0435] In summary, numerous benefits have been de-
scribed which result from employing the concepts de-
scribed herein. The foregoing description of the one or
more forms has been presented for purposes of illustra-
tion and description. It is not intended to be exhaustive or
limiting to the precise form disclosed. Modifications or

variations are possible in light of the above teachings.
The one or more forms were chosen and described in
order to illustrate principles and practical application to
thereby enable one of ordinary skill in the art to utilize the
various forms and with various modifications as are
suited to the particular use contemplated. It is intended
that the claims submitted herewith define the overall
scope.

EMBODIMENTS:

[0436]

1. A surgical end effector for use with a surgical
instrument, the surgical end effector comprising:

a jaw; and
a staple cartridge seatable in the jaw, wherein
the staple cartridge comprises:

a sensor array configured to take measure-
ments corresponding to a parameter asso-
ciated with a function of the surgical instru-
ment;
a processor; and
amemory storing program instructions that,
when executed by the processor, cause the
processor to:

perform an initial calibration of the sen-
sor array;
determine an initial adjustment to the
measurements based on the initial ca-
libration;
perform an in-use calibration of the
sensor array; and
modify the initial adjustment based on
the in-use calibration.

2. Thesurgical endeffector ofEmbodiment 1,where-
in the program instructions further cause the proces-
sor to store the initial adjustment in the memory.

3. Thesurgical endeffector ofEmbodiment 1,where-
in performing the in-use calibration comprises iden-
tifying a conversion factor, and wherein modifying
the initial adjustment is based on the conversion
factor.

4. Thesurgical endeffector ofEmbodiment 3,where-
in the conversion factor is a shelf-life conversion
factor.

5. Thesurgical endeffector ofEmbodiment 1,where-
in the parameter is a tissue parameter.

6. Thesurgical endeffector ofEmbodiment 1,where-
in performing at least one of the initial calibration and
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the in-use calibration comprises causing the sensor
array to takeameasurement of a knownproperty of a
predetermined medium.

7. A surgical instrument, comprising:

amotor configured togenerateaclosuremotion;
an end effector configured to grasp tissue, the
end effector comprising:

a first jaw comprising an anvil comprising a
first tissue contacting surface;
a second jaw, wherein the closure motion
causes at least one of the first jaw and the
second jaw to move relative to the other to
transition the end effector toward a closed
configuration;
a staple cartridge seatable in the second
jaw,wherein thestaple cartridgecomprises:

a cartridge deck comprising a second
tissue contacting surface;
a cartridge body;
staples removably stored in the car-
tridge body; and
a sensor; and

a control circuit configured to:

measure a physical parameter of the staple
cartridge; and
modulateacontrol parameterof thesurgical
instrument based on the physical charac-
teristic of the staple cartridge measured by
the control circuit.

8. Thesurgical instrument ofEmbodiment 7,wherein
the physical parameter of the staple cartridge is a
tissue gap, and wherein measuring the physical
parameter comprises:

detecting the closed configuration based on a
current draw of the motor; and
determining a minimum gap between the anvil
and the staple cartridge fromon an output signal
of the sensor at the closed configuration.

9. Thesurgical instrument ofEmbodiment 8,wherein
detecting the closed configuration comprises detect-
ing a value of the current draw greater than or equal
to a current-draw threshold.

10. The surgical instrument of Embodiment 7,
wherein the control parameter is a parameter of an
algorithm executable to perform a function of the
surgical instrument.

11.Thesurgical instrumentofEmbodiment7,where-

in the minimum gap is defined by a cartridge feature
configured to interfere with closure of the end effec-
tor.

12. The surgical instrument of Embodiment 7,
wherein the control circuit is further configured to
verify a tissuecompression creepof a tissuegrasped
between the first jaw and the second jaw based on
the value of theminimumgap and an initial thickness
of the tissue.

13. The surgical instrument of Embodiment 7,
wherein the control circuit is configured to verify a
type of the cartridge based on the physical para-
meter of the staple cartridge.

14. The surgical instrument of Embodiment 7,
wherein the control parameter is a threshold.

15. A surgical instrument, comprising:

amotor configured togenerateaclosuremotion;
an end effector configured to grasp tissue, the
end effector comprising:

a first jaw comprising an anvil;
a second jaw, wherein the closure motion
causes at least one of the first jaw and the
second jaw to move relative to the other to
transition the end effector between closure
states to grasp the tissue;
a staple cartridge seatable in the second
jaw,wherein thestaple cartridgecomprises:

a cartridge body;
staples removably stored in the car-
tridge body; and
a sensor array; and

a control circuit configured to:

detect the closure states of the end
effector based on an operational para-
meter of the motor; and
selectively adjust a sensor parameter
of sensors of the sensor array in accor-
dance with the closure states.

16. The surgical instrument of Embodiment 15,
wherein the closure states comprise a first closure
state associated with an initial tissue contact.

17. The surgical instrument of Embodiment 16,
wherein the closure states comprise a second clo-
sure state associated with a fully-clamped tissue
condition.

18. The surgical instrument of Embodiment 17,
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wherein the closure states comprise a third closure
state associated with a fully-stabilized tissue creep.

19. The surgical instrument of Embodiment 15,
wherein selectively adjusting the sensor parameter
of the sensors comprises selectively switching the
sensors between an activemode and an idler mode.

Claims

1. A surgical instrument, comprising:

amotor configured togenerateaclosuremotion;
an end effector configured to grasp tissue, the
end effector comprising:

a first jaw comprising an anvil;
a second jaw, wherein the closure motion
causes at least one of the first jaw and the
second jaw to move relative to the other to
transition the end effector between closure
states to grasp the tissue;
a staple cartridge seatable in the second
jaw,wherein thestaple cartridgecomprises:

a cartridge body;
staples removably stored in the car-
tridge body; and
a sensor array; and

a control circuit configured to:

detect the closure states of the end effector
based on an operational parameter of the
motor; and
selectively adjust a sensor parameter of
sensors of the sensor array in accordance
with the closure states.

2. The surgical instrument of Claim 1, wherein the
closure states comprise a first closure state asso-
ciated with an initial tissue contact.

3. The surgical instrument of Claim 2, wherein the
closure states comprise a second closure state as-
sociated with a fully-clamped tissue condition.

4. The surgical instrument of Claim 3, wherein the
closure states comprise a third closure state asso-
ciated with a fully-stabilized tissue creep.

5. The surgical instrument of Claim 1, wherein selec-
tively adjusting the sensor parameter of the sensors
comprises selectively switching the sensors be-
tween an active mode and an idler mode.

6. A surgical end effector for use with a surgical instru-

ment, the surgical end effector comprising:

a jaw; and
a staple cartridge seatable in the jaw, wherein
the staple cartridge comprises:

a sensor array configured to take measure-
ments corresponding to a parameter asso-
ciated with a function of the surgical instru-
ment;
a processor; and
amemory storing program instructions that,
when executed by the processor, cause the
processor to:

perform an initial calibration of the sen-
sor array;
determine an initial adjustment to the
measurements based on the initial ca-
libration;
perform an in-use calibration of the
sensor array; and
modify the initial adjustment based on
the in-use calibration.

7. The surgical end effector of Claim 6, wherein the
program instructions further cause the processor to
store the initial adjustment in the memory.

8. The surgical end effector of Claim 6, wherein per-
forming the in-usecalibrationcomprises identifyinga
conversion factor, and wherein modifying the initial
adjustment is based on the conversion factor, op-
tionally wherein the conversion factor is a shelf-life
conversion factor.

9. The surgical end effector of Claim 6, wherein the
parameter is a tissue parameter.

10. The surgical end effector of Claim 6, wherein per-
forming at least one of the initial calibration and the
in-use calibration comprises causing the sensor ar-
ray to take a measurement of a known property of a
predetermined medium.

11. A surgical instrument, comprising:

amotor configured togenerateaclosuremotion;
an end effector configured to grasp tissue, the
end effector comprising:

a first jaw comprising an anvil comprising a
first tissue contacting surface;
a second jaw, wherein the closure motion
causes at least one of the first jaw and the
second jaw to move relative to the other to
transition the end effector toward a closed
configuration;
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a staple cartridge seatable in the second
jaw,wherein thestaple cartridgecomprises:

a cartridge deck comprising a second
tissue contacting surface;
a cartridge body;
staples removably stored in the car-
tridge body; and
a sensor; and

a control circuit configured to:

measure a physical parameter of the staple
cartridge; and
modulateacontrol parameterof thesurgical
instrument based on the physical charac-
teristic of the staple cartridge measured by
the control circuit.

12. The surgical instrument of Claim 11, wherein the
physical parameter of the staplecartridge is a tissue
gap, and wherein measuring the physical parameter
comprises:

detecting the closed configuration based on a
current draw of the motor; and
determining a minimum gap between the anvil
and the staple cartridge fromon an output signal
of the sensor at the closed configuration, option-
ally wherein detecting the closed configuration
comprises detecting a value of the current draw
greater than or equal to a current-draw thresh-
old.

13. The surgical instrument of Claim 11, wherein the
control parameter is a parameter of an algorithm
executable to perform a function of the surgical in-
strument, and/or wherein the control parameter is a
threshold.

14. The surgical instrument of Claim 11, wherein the
minimum gap is defined by a cartridge feature con-
figured to interfere with closure of the end effector.

15. The surgical instrument of Claim 11, wherein the
control circuit is further configured to verify a tissue
compression creep of a tissue grasped between the
first jawand the second jawbasedon the value of the
minimum gap and an initial thickness of the tissue,
and/or wherein the control circuit is configured to
verify a type of the cartridge based on the physical
parameter of the staple cartridge.
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